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NEW HIGH IN 
RELIABILITY 


This new line of heatless sea! silicon rectifiers by 
Transitron, the originator of the silicon rectifier, 
brings to the electronic industry a notable new ad- 
vance in the state of the art. 


The reliability of internal rectifier junctions is now 
further enhanced because no heat is used to seal the 
packages. Cap and base are joined by the “‘cold flow” 
of copper into steel as the parts are forced together 
under high pressure. Rectifier junctions are no longer 
exposed to contamination by the sputtering or SERIES TYPE | PEAK INVERSE VOLTAGE (VOLTS) pes 
splashing of molten metals or by flux fumes and a I 
gases, weld flashes, or hot sparks. Therefore the new | so | 100 
process creates the most reliable hermetic seal yet at- ota 
tained in silicon rectifiers. Consequently heatless seal 3 AMP TYPES ee | eee 
rectifiers meet or exceed all required military and in- §- aon acces accent 
dustrial tests for moisture resistance and hermeticity. 20 AMP TYPES see | umzega | TRISZ | INZSOA | TRIS? | TR3G2 | TRIS2 | rreoz | Trsoz | TRea2 
Four series now in quantity production are avail- a anion na 
able for immediate delivery. — | Se 
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For further information, write for bulletins indi- § “"*"" 
cated in the chart at right. 


k ran f 
§ electronic corporation 
wakefield, melrose, boston, mass. 


USA. AND EUROPE - CABLE ADDRESS: TRELCO 


Ae?) ‘i i Y ie ia eaee 





ttt ti tat ttt eee ee ee ee ee | 


it's news, expect it first from IRC 


ee ee 


Industry First ...RN55 Precision Film Resistors in RCO7 Size 


Replace Fixed Composition Resistors 


Every critical circuit forced to attain smallness through use of 
RC07 style composition resistors can now be upgraded. To make 
this possible, IRC offers both metal film and deposited carbon 
precision resistors in a new subminiature size. 


1. the first time a molded RN55 resistor is available com- 
pletely interchangeable in physical size with the RC07 
2. meets or exceeds performance of precision films (MIL-R- 
10509), which means lower noise, better TC, superior all- 
around stability than fixed composition RC07’s (MIL-R-11) 
3. surpass RCO7’s even when run at the MIL-R-11 rating 

of 14 watt @ 70°C 
4. uniform, molded bodies just right for automated assembly 
. immune to damage by normal transit and handling 
For top resistor performance without any space penalty, specify 
new IRC Type EM or DM units for every miniature circuit. Full 


details in a new 12-page bulletin. International Resistance 
Company, 401 North Broad St., Philadelphia 8, Pennsylvania. 
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CAPSULE SPECIFICATIONS 


Wattage 


Temperature coefficient 


Resistance 


Standard tolerance 
MIL-R-10508D 


Size 


Metal Film 


1/10 watt @ 125C 
Gerated @ Zero 
load @175C 


+ 25 PPM (‘‘E" Char 
+ 50 PPM (““C"’ Char 
+ 100 PPM 
+ 150 PPM 


50 ohms min. 

100K ohms max. 
+1% 

RN5S Characteristic 
E and C 


250” + .031” x 


093” + .005” dia. 
EM 


Deposited Carbon 


1/10 watt @125C 

% watt @70C 

derated @ Zero 
load @ 165C 


+200 /— 500 PPM 
““D”’ Char 


10 ohms min 
301K ohms max. 


+1% 


RNSS 
Characteristic D 


250” + .031” x 
093” + .005” dia 


DM 





dependable 
electrical 


insulation parts 


spell 


Forming Shearing and 


Sawing 


Sheeting 
Service 


The name INMANCO is backed by over 25 years of 
experience in the manufacturing and fabricating of preci- 
sion products for the electrical and electronic industries 
from nationally-recognized brands of highest quality elec- 
trical insulating materials. 

For example, Inmanco’s fabricated insulators assure 
accuracy . guarantee uniformity. Modern, high-speed 
equipment is designed to shear, slit, die-cut, crease, mill, 
form, or cuff exactly to specifications. Your costly assem- 
bly time is cut to a minimum. 

Exact properties and materials required for any specific 


I ® 
INCORPORATED 


PRECISION MADE ELECTRICAL 
INSULATION PRODUCTS 
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Engineering 


Commercial 
Slitting 


Punching Cufhng and 


Crimping 


application are yours from Inmanco. Inmanco engineering 
and technical know-how permit you to select electrical 
insulation parts with extreme heat resistance, top dielec- 
tric strength, desired degree of flexibility, toughness or 
other protective features. 

This same high-level engineering knowledge is avail- 
able to you, through Inmanco, for jobs that other fabrica- 
tors can't or won't do. Call on Inmanco for full informa- 
tion and assistance. 

Contact your nearest Inmanco representative and write 
for free catalog and brochures. 


Dept. ET, 571 W. Washington Blvd., Chicago 6, Illinois 
Representatives and Distributors in Principal Cities 
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&& WATT 


Y WATT 


W/L on target ! 


New METOHM line 


exceeds MIL-R-10509D 


As a supplement to the unexcelled VITROHM resistors, Ward Leonard now offers 
to designers of commercial, military and industrial electronic equipment a line of 
raolded metal film precision resistors, designed and tested to exceed the require- 
ments of MIL-R-10509D, characteristics B, C and E. You can stake your reputa- 
tion on Ward Leonard resistors. 

Available in %, % and % watt sizes, W/L METOHM precision resistors feature 
the highest degree of built-in reliability and operating stability. Temperature 
coefficients, over the range —55°C to +175°C, may be as low as +25 parts per 
raillion. Standard tolerance +1%. Tolerances down to +0.1% on special order. 


METOHM MIL OHMIC VALUES MAX. VOLTAGE 
TYPE EQUIVALENT : ; RATING 


WL 60 250 V. 
WL 65 300 V. 
WL 70 350 V. 


Write for complete specifications and a list of distributors. Ward Leonard Elec- 
tric Co., 34 South Street, Mount Vernon, New York. 0.10 


RESULT-ENGINEERED CONTROLS 


WARD LEONARD 
ELECTRIC CO. 


RESISTORS e¢ RHEOSTATS e RELAYS e CONTROLS « DIMMERS 
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POLY- 


Phelps Dodge Thermaleze sales 
go up as users’ costs go down! 


Standardizing with Poly- Thermaleze* means reduction of your costs 
because this film wire upgrades all grades and permits, in most cases, 
interchangeability of grades as well as reduced inventories. 


This one versatile wire matches with PLUS values—in practically all 
respects—the properties of Class A, B and F rated film wires. 


Here are the PLUS values: 


1. HIGH TEMPERATURECUT THROUGH 
—giving physical-thermal protection be- 
tween turns in service. 

2. CLASS “A” through CLASS “‘F plus” 
—no heat shock. 


3. COMPATIBILITY—the highest order 
of compatibility with conventional var- 


nishes including epoxy encapsulated 
systems. 

4, OUTSTANDING SOLVENT RESIST- 
ANCE—remarkable resistance to conven- 
tional varnish solvents. 


5. HIGH DIELECTRIC STRENGTH—high- 
est volts/mil of any wire available. 


6. EXCELLENT WET DIELECTRIC 


Magnet Wires that Pace the Industry! 


*Poly-Thermaleze®—Patents applied for. 


**Licensees: Essex Wire Corporation, 
General Cable Corporation 
Rea Magnet Wire Company, iInc., Div. of 
Aluminum Company of America. 
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STRENGTH—best retention of electrical 
properties under extreme water condi- 
tions. 


7. HERMETICS—now performance 
proved in Refrigerant 12 and 22. 


8. WINDABILITY— extreme flexibility and 
toughness. 


Experience has already proved that equip- 
ment using Poly-Thermaleze ‘‘lives long- 
er’' at normal operating temperatures. 


To obtain the PLUS values of Poly-Ther- 
maleze, do not accept substitutes. Poly- 
Thermaleze was developed by Phelps 
Dodge and is made only by Phelps Dodge 


and its licensees**. 


PHELPS DODGE COPPER PRODUCTS 
INCA MANUFACTURING DIVISION 


FORT WAYNE, INDIANA 


CORPORATION 
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Computing Machines 
nm and Applications 


Your Classification: 


*% Techniques of Analog Simulation 


A review of the theory and practice involved in the program- 
ming of large-scale electronic analog computers. Basic com- 
ponents are described and their use in simulating both linear 
and non-linear systems is discussed with examples. 


A. W. Langill, Jr., Aerojet-General Corp., Sacramento, Calif. 


Electro-Technology 1961 December p 70 7 pp 


Motors — Your Classification: 
Fractional Horsepower 


The Permanent-Field 
Synchronous Motor 


The operating principles and characteristics of the permanent- 
field synchronous motor are described, and compared with re- 
luctance and hysteresis motors. For small-motor design 
especially, the significance of recent magnetic materials ad- 
vances are discussed. 


F. W. Merrill, Ft. Wayne, Ind. 


Electro-Technology 1961 December p 113 4 pp 


Test and Measurement 
Materials 
Systems 


Your Classification: 


A-C/D-C High-Potential Testing 


An introduction to a-c and d-c high-potential testing, its use 
and guides for proper selection of test equipment for par- 
ticular applications. Information that may be obtained by 
high-potential testing is described. A-C and d-c testing are 
compared, with limitations and advantages of each discussed. 


H. N. Miller, Associated Research, Inc., Chicago, II). 


Electro-Technology 1961 December p 134 212 pp 


Materials, Mechanical /Structural Your Classification: 


Nonmetallic materials 
Materials, Electrical/Electronic 
Electrical Insulation and Dielectrics 


% Flame Resistance of Plastics — 
A Key “Design-for-Safety” Factor 


The steadily increasing use of plastics materials as mechanical 
and dielectric elements in a wide variety of applications has 
focused serious attention on the flame-resistance characteris- 
tics of these materials. This article reviews various flammability 
tests (both for materials and finished components), cites 
qualitative and quantitative test data, and reproduces selected 
industry standards. 


L. N. Chellis, International Business Machines Corp., Endi- 
cott, N. Y. 


Electro-Technology 1961 December p 77 7 pp 


Design Considerations Your Classification: 


Radio Noise and Interference 


*% Electrical Noise Control 


Some specific suggestions for designers of complex, high-speed, 
solid-state systems with regard to the control or elimination 
of unwanted electrical noise. 


J. E. Curran, International Business Machines Corp., Endi- 


cott, N. Y. 


Electro-Technology 1961 December p 117 8 pp 


Systems Your Classification: 
Control Systems, General 


Universal-Motor Speed Controls 


Various circuit designs for using the silicon controlled recti- 
fier to vary the speed of the universal, series motor. 


F. W. Gutzwiller, General Electric Co., Auburn, N. Y. 


1961 December p 138 2% pp 
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e Quick interpretations of feature-article content 


e Subject-classified annotated references for clipping and pasting on standard 3 x 5 cards 


% Reprints available—see pages 152 and 154. 


For your copy of the ELECTRO-TECHNOLOGY Subject Classification for Indexing, circle Number 938 on postcard at end of book. 


Components, Electrical/Electronic 
Magnetic Components 
Components, Mechanical /Structural 
Drive Elements 
Systems 
Power (Drives) 
Control Systems, General 


Automatic Switching Control with 
Electric Clutches and Brakes 


Your Classification: 


Torque-slip characteristics, average torque curves, thermal 
rating and flux build-up and decay times are considered for 
direct-acting, friction-disk electromagnetic clutches and brakes 
for mechanical power-switching functions. Control devices are 
reviewed and basic control circuits illustrated, including 
methods of providing overexcitation and underexcitation. 
General-purpose transistor control. 


P. Block and D. Hennings, Warner Electric Brake & Clutch 
Co., Beloit, Wis. 
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Materials, Electrical/Electronic 
Materials, Mechanical /Structural 


Your Classification: 


* Aerospace Electronic Materials — 
Applications /Environments / Effects 


A review of sudies of materials and their reactions to outer- 
space conditions. The problems of materials exposed exter- 
nally and internally are approached from the standpoints of 
vacuum, temperature control, ultraviolet light, Van Allen belt 
radiations, lubrication of bearing surfaces, and plastics vola- 
tility. An extensive bibliography is integrated with this review. 


E. G. Linden, U. S. Army Signal Research and Development 
Laboratory, Fort Monmouth, N. J. 


Electro-Technology 


1961 December p 125 7 pp 


RESEARCH HORIZONS this month .. . 


What are the plus and minus considerations in the various 
classes of microminiaturized devices? . A new class of 
nonmagnetic alloys offers low density, toughness, and high 
strength in a high-temperature range. An experimental 
semiconductor device is able to operate at higher voltages 
than transistors; characteristics are similar to those of 
vacuum tubes. .. . Silicon is investigated as a resistive material. 


A Comparative Analysis of Microminiaturization 
Systems ...... 


Titanium-Nickel Nonmagnetic Alloys 
New Experimental Semiconductor Device 
Silicon as a Material for Resistors 


Summaries of Recent European Patents 
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Heat Flow Your Classification: 


%* Transient Heat Flow 


Graphical, numerical and electrical network analog methods 
of stepwise solution to the basic heat-conduction equations are 
described and compared. Problems and analog circuit data 
are included. 


R. P. Benedict, Westinghouse Electric Corp., Lester, Pa. 


Electro-Technology 1961 December p 93 24 pp 


Systems Your Classification: 
Communication 
Specifications and Standards 


A Complementary Symmetry 
Emitter-Follower 


Complete design details for a very important circuit from the 
U. S. Navy’s Handbook of Preferred Circuits. 


Preferred Circuits Program, U.S.N.A.D.C., Johnsville, Pa. 


Electro-Technology 1961 Necember p 132 2 pp 


COMING UP... 


The January 1962 Science & Engineering article will treat 
Magnetic Domain Theory. Also scheduled for this issue are 
the following: Analysis of N-Terminal Networks, a literature 
critique on Linear Cireuits, Resistance-Wire Heaters, Two- 
Speed Reluctance Motors, Relays vs Solid-State Switch- 
ing, Critical Measurements of Organic Dielectrics, Con- 
ductive Adhesives, Velocity Distribution and Man as a 


Link in a Control Loop. 





SEMICONDUCTOR NEWS: FROM WESTINGHOUSE AT YOUNGWOOD 





Westinghouse announces 
new 70-amp ratings 
in“Rock-Top” Trinistor 
controlled rectifiers 


Highest rated flag type in the industry. Type 809 Trinistor 
controlled rectifier series, in both flag terminal and flexible lead 
types, now immediately available in production quantities at 
70-amp ratings! Exclusive Westinghouse ‘‘Rock-Top”’ construc- 
tion offers superior electrical and mechanical characteristics for 
greater reliability under all operating conditions. Provides posi- 
tive protection against arcing at highest voltages. Exclusive new 
flag terminal design has lower weight, requires less headroom. 
Outstanding parameters include: = 70-amp average forward cur- 
rent at 180° C. conduction = maximum rating of 110 amperes 
D.C. » 600 nanosecond switching time « efficiencies in excess of 
98% = minimum noise level # peak reverse voltages to 480 volts 
= ideal parameters for high-speed static switch functions. 


Industrial, commercial, and military applications include: high- 
frequency power generation; variable frequency controls; pulse 
generation; ignitron firing; welding control. Trinistors also replace 
thyratrons, contactors, magnetic amplifiers, relays. 


For more information, or technical assistance, contact your 
nearest Westinghouse representative, or write: Westinghouse 
Electric Corporation, Semiconductor Department, Youngwood, 
Penna. You can be sure...if it’s Westinghouse. SC-1046 


For Immediate ‘‘Off-The-Shelf’’ Delivery, Order From These Westinghouse Distributors : 


EASTERN 
ACK SEMICONDUCTOR, INC 
Birmingham 5, Ala /FA 2-0588 
CAMERADIO Pittsburgh, Pa /EX |-4000 
CRAMER ELECTRONICS, INC 
Boston, Mass /CO 7-4700 
ELECTRONIC WHOLESALERS, INC 
Melbourne, Florida/PA 3-144) 
GENERAL RADIO SUPPLY CO., INC 
Camden, N. J /WO 4.8560 
GENESEE RADIO PARTS CO. Buffalo, N. Y./TR 3-9661 
KANN-ELLERT ELECTRONICS, INC 
Baltimore, Md./TU 9-4242 
MILGRAY ELECTRONICS New York, N. Y./RE 2-4400 
RADIO & ELECTRONIC PARTS CORP 
Cleveland, Ohio/UT 1-6060 
SCHWEBER ELECTRONICS 
Long Island, N. Y./P1 6-6520 
Silver Spring, Md./JU 5-7023 
MIDWESTERN 
E.C.1. SEMICONDUCTORS, INC 
Kansas City, Mo. /WE 1-0829 
ELECTRONIC COMPONENTS FOR INDUSTRY CO 
St. Louis, Mo./WO 2-9916 
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HALLMARK INSTRUMENTS CORP 
Dallas, Texas/R! 7-8933 
INTER-STATE RADIO & SUPPLY CO. 
Denver 4, Colo./TA 5-8257 
LENERT CO Houston, Texas/CA 4-2663 
MIDLAND SPECIALTY CO. El Paso, Texas/KE 3-9555 
Phoenix, Ariz /AL 8-8254 
Albuquerque, N. M./CH 7-0236 
RADIO DISTRIB. CO Indianapolis, Ind. /ME 7-5571 
SEMICONDUCTOR SPEC., INC 
Chicago, I11_/NA 2-8860 
Detroit, Mich./BR 3-2900 
Cincinnati, Ohio/MA 1-6530 


S. STERLING CO 
UNITED RADIO, INC 


WESTERN 


ALMAC ELECTRONICS CORP 
Seattle, Wash./PA 3-7310 
ELMAR ELECTRONICS 


Oakland, Cal_/TE 4-3311 
HAMILTON ELECTRO SLS 
Los Angeles, Cal./BR 2-9154 
Palo Alto, Cal./DA 1-7541 
NEWARK ELECTRONICS CO 
Inglewood, Cai. /OR 4-8440 





A basic formula from Information Theory ... provides a measure of the amount of information in a particular type of message, such as TV... helps determine the frequency 
bandwidth, for example, required to transmit the messages. Information Theory, pioneered at Bell Laboratories, guides the search for better communications systems. 


DISCOVERY 


AT BELL TELEPHONE LABORATORIES 


New knowledge comes in many forms. Sometimes it comes in 
a mathematical formula. Usually it comes after much thought 
and experiment and the fruitful interaction of different minds 
and abilities. Most often, too, a particular discovery is small. 
But many small discoveries have a way of leading to big ad- 
vances at Bell Laboratories—advances like the transistor... 
or, more recently, the gaseous optical maser, forerunner of 
communications at optical frequencies. Opportunities for dis- 
covery are enhanced by the abilities of the scientists 

and engineers and the range of the facilities at Bell 

Laboratories, world center of communications re- 


search and development. 













































































































































































































































































































































































e Editor's Note: An objective and im- 
partial listing of the advantages and 
disadvantages of the various micro- 
miniaturization systems now under de- 
velopment is extremely difficult to ob- 
tain. The excellent analysis presented 
here comes from Dr. J. W. Granville, 
Royal Radar Establishment, Malvern, 
England, and originally appeared as an 


RESEARCH Horizons 


Edited by Atex. E. Javirz, Special Features Editor 


Associate Editors for this issue: Haroip E. Barkan and Joun R. Riceés 


A Comparative Analysis of Microminiaturization Systems 


appendix to his paper, “A Review of 
Government-Sponsored Microminiaturi- 
zation Work in the United Kingdom,” 
presented by him at the Conference on 
Components used in 
Electronic Engineering, sponsored by 
the British Institute of Electrical Engi- 


neers, June 12-16, 1961, London. 


and Materials 





Micromodules 


@ Advantages: 

1. Component parts—i.e., each microele- 
ment—can be toleranced and pretested be- 
fore assembly. Hence, a low reject rate per 
completed module should be possible. 

2. Provided that suitable microelements 
are available, a circuit stage can be more 
easily modified than in the case of micro- 
circuits or solid circuits. 

3. A complete micromodule can, if neces- 
sary, be constructed by the circuit designer 
using a kit of parts, though skill is re- 
quired. 

4. A module can be shuffled if there is 
unwanted cross-coupling. 

5. Both linear and digital circuits may 
be constructed with equal facility. 

6. Micromodules can incorporate micro- 
circuits and solid circuits if necessary. 


e Disadvantages: 

1. There is a large number of closely 
soldered joints per micromodule. Soldered 
joints are a notorious source of unreliabil- 
ity in conventional circuits and this unre- 
liability may be built into a micromodule. 

2. The component packing density is the 
lowest of the three systems, being little 
greater than packing densities obtained 
with the best subminiature component 
assemblies. 

3. The store of microelements has to be 
large, as each component of any one value 
must be available in several orientations. 

4. The multiplicity of thin-film contacts 
may contribute problems associated with 
differential thermal expansions and the 
electrical effects of contacts between dis- 
similar metals. 


Microcircuits 


e@ Advantages: 

1. The component packing density will 
be greater than for micromodules. 

2. There are fewer soldered connections 
than in micromodules. 

3. The process is under the control of 
one manufacturer, which may ensure that 
reliability is built in. 

4. It is not necessary to maintain a large 
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number of component parts. 
5. Microcircuits can incorporate solid cir- 
cuits if necessary. 


e@ Disadvantages: 

1. By the nature of the process, the com- 
ponent parts are expected to be loosely tol- 
eranced, and hence microcircuits are more 
suitable at present for digital than for 
linear circuits. 

2. The reject rate per completed unit is 
expected to be higher than with micro- 
modules because, as with solid circuits, one 
faulty component part means, in most in- 
stances, the rejection of the entire unit. 

3. It will probably be more difficult to 
heat-sink a microcircuit than a micromod- 
ule or a solid circuit because the compo- 
nents are laid out in one plane on an 
insulating substrate. 

4. The multiplicity of thin-film contacts 
may contribute problems associated with 
differential thermal expansions and the 
electrical effects of contacts between dis- 
similar metals. 

5. Specialized knowledge is needed to 
produce a microcircuit; thus, the circuit 
designer cannot make up and test his own 
circuits. 


Solid Circuits 


e@ Advantages: 

1. The component packing density is the 
highest of all the systems. 

2. The purity level of the starting mate- 
rial is known and controlled, whereas, for 
micromodules and microcircuits, many dis- 
similar materials of varying or unknown 
degrees of purity are used. 

3. Because one contiguous piece of semi- 
conductor and alloyed contacts is used, 
the number of contacts between dissimilar 
materials is less than in micromodules and 
microcircuits, and this could lead to in- 
creased reliability. 

4. The number of process steps is the 
smallest of the systems, permitting a more 
accurate overall process-control which could 
lead to increased reliability. 

5. The units, being metallic, are more 
readily heat-sinked than microcircuits. 

6. The transistors and diodes, being in- 






tegral parts of the circuit, can be designed 
to suit each type of circuit. 

7. Because of the large number of solid- 
state phenomena that can (in principle) 
be used, solid circuits have the potentiality 
of more advanced development than the 
other systems, 


e Disadvantages: 

1. By the nature of the process, the com- 
ponent parts are more loosely toleranced 
than with micromodules; hence, like micro- 
circuits, solid circuits are more suitable at 
present for digital circuits. 

2. The reject rate for completed units is, 
as with microcircuits, likely to be higher 
than micromodules because one faulty com- 
ponent part may mean the rejection of the 
entire unit. 

3. Being an all-semiconductor unit, a 
solid circuit is expected to be more tem- 
perature-sensitive than the other systems. 

1. Specialized knowledge and techniques 
are needed to produce solid circuits; thus, 
the circuit engineer cannot make up his 
own circuits. 


Two very important parameters, however, 
are absent from the above analysis—name- 
ly, reliability and cost. 

There are (at this writing) no published 
data on the reliability of any of the sys- 
tems, although it is expected that they will 
be at least as reliable as circuits built with 
best-quality conventional components. Need- 
less to say, if any one of these construc- 
tional techniques was found to be intrinsi- 
cally unreliable, it would be abandoned, 
whatever its other advantages. 

The ultimate selling price of a micro- 
miniature unit cannot be estimated at the 
present time, for it will naturally depend 
on demand and the degree of competition. 
However, it is expected that microminia- 
turized assemblies will eventually be com- 
parable in cost to subminiature component 
assemblies. 

The preceding discussion has apper- 
tained to the microminiaturized units them- 
selves. It is important to note, however, 
that problems still exist in the interconnec- 
tion of these units to form a complete 
equipment. These problems become increas- 
ingly severe as the sizes of the units are 
reduced, though not enough is known about 
proposed methods to include this clause in 
the list of advantages and disadvantages of 
the systems. It follows, however, that any 
microminiaturization system that does not 
include adequate methods of interconnec- 
tion must necessarily fail. 


References in ELECTRO-TECHNOLOGY 


“Key Problems in Microelectronics,” Alex. 
E. Javitz, June 1961, p 61. 
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RESEARCH 
Horizons 


BASED ON THE intermetallic compound 
TiNi, a new class of nonmagnetic alloys, 
Nitinol, has been developed by the Mag- 
netic Materials Division of the U. S. Naval 
Ordnance Laboratory at White Oak, Silver 
Spring, Maryland. 

These alloys are corrosion resistant and 
can be hardened to 62 Rockwell “C”, 
almost the hardness of tool steel. They have 
been tested up to 43 ft-lb impact strength. 
Contrary to the case with almost any other 
alloy, their toughness increases as tem- 
peratures decrease; their useful properties 
are thus retained to about 1200 F. A 
specific gravity of 6.45 allows high 
strength-to-weight ratios. A very high me- 
chanical vibration capacity is exhibited at 
room temperature, but decreases rapidly 
as temperature is increased. 

The marked changes in mechanical vi- 
bration damping characteristics that ac- 
company temperature changes indicate a 
possible use for these materials in tem- 
perature-sensing devices. Since they offer 
low density, toughness and high strength 
over a wide temperature range, resist 
oxidation and can be welded easily, these 
alloys are also seen to be feasible for many 
space-vehicle and aircraft components. 

Naval Ordnance Laboratory investiga- 
tions which led to the development of 


Research N Ot e.00»em 


New 


A NEW TYPE of semiconductor device, 
which will operate at higher voltages than 
will transistors and which has character- 
istics similar to those of vacuum tubes, has 
been developed experimentally by the Sys- 
tems Development Division of International 
Business Machines Corp. Called a Charg- 
istor, the device is composed of a bar of 
either p-type or n-type germanium to which 
a number of rectifying contacts or control 


Titanium-Nickel Nonmagnetic Alloys 


Nitinol resulted from demands for low- 
density materials with greater strength-to- 
weight ratios and the capability of operat- 
ing at very high temperatures in advanced 
missiles and space craft. The initial goal in 
the NOL research effort was to uncover 
intermetallic compounds or compound-base 
materials with good room-temperature duc- 
tility. Brittleness at room temperature has 
been a limiting factor in the structural use 
of intermetallic compounds which other- 
wise are highly versatile, with unusual me- 
chanical and physical properties. Early 
results of the investigations showed that 
the compound TiNi possessed unusual duc- 
tility at room temperature for a compound 
with a moderately high melting point. Fur- 
ther study uncovered the whole Nitinol se- 
ries of new engineering alloys with their 
unusual mechanical and physical proper- 
ties. 

The Nitinol series consists of TiNi and 
its associated phases Ti,Ni and TiNi,. The 
most phase-pure TiNi composition was 
found to be about 54.5 per cent nickel by 
weight. This composition, with a body- 
centered-cubic crystal structure, possessed 
good room-temperature ductility and a 
moderately high melting point of about 
1300 C (2372 F). The room-temperature 
mechanical properties of the TiNi phase 


(hot worked) indicated a ductility as high 
as 15 per cent tensile elongation and up 
to 28 ft-lb impact strength. Ultimate ten- 
sile strength of 124,000 psi was also meas- 
ured in this composition alloy. Hot-hard- 
ness measurements revealed a secondary 
hardening peak between 247-482 C (800- 
900 F). Based upon these data, TiNi 
appears to have usable strength up to 
about 649 C (1200 F). The oxidation rate 
as this temperature was reached was found 
to be negligible. 

TiNi-base alloys, with excess nickel, were 
hardened to 62 Rockwell “C” by quenching 
from 1000 C (1832 F). The quenching 
mechanism apparently consists of trapping 
a finely distributed TiNi, phase in a TiNi 
matrix. Hot hardness measurements made 
on quenched nickel-rich TiNi alloys showed 
a marked improvement over the phase-pure 
TiNi alloys at temperatures up to 482 C 
(900 F). 

Magnetic susceptibility measurements 
over a wide temperature range showed the 
TiNi-base materials to be paramagnetic 
with a permeability value approaching 
unity (< 1.002). The permeability of this 
class of materials was found to be stable 
with variations in working and heat treat- 
ment. 
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Experimental Semiconductor Device 


electrodes are attached. The one shown in 
the figure has five surface junction contacts. 
Three of these act like the grids of a 
vacuum tube and control current flow 
through the bar of germanium. 

The basic working model of a triode 
Chargistor has a conducting channel of ger- 
manium with a p-type “charger,” an n-type 
“feeder,” and a p-type “gate.” Initially, there 
are nearly an equal number of positive 


The “Chargistor” is a new experimental semiconductor device developed by IBM. 
It operates at higher voltages than do transistors and has more of the characteristics 


of vacuum tubes. 
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and negative charges within the conduct- 
ing channel. By adding or taking away 
either type, the balance is altered to 
change or control the current. In opera- 
tion, the p-type gate contact is placed 
in the region where there are excessive 
negative charges. Positive charges can 
either be injected into or extracted from 
this region. When the gate contact is in- 
jecting positive charges, conductivity in the 
channel is increased. When positive charg- 
es are extracted through the gate, the ac- 
tion enters another operating region where 
the output current becomes constant re- 
gardless of the output voltage variations. 
H. N. Yu, a developer of this device, 
says with regard to its operation, “Unlike 
the ordinary field-effect transistor, in which 
the transistor action depends upon the 
pinching effect by expanding the depletion 
region of the gate-channel junction, the 
action depends upon the electrostatic po- 
tential shielding effect through the gate 
junction. In the case of the field-effect 
transistor, zero bias at the gate yields max- 
imum output current, whereas, in this case 
zero bias at the gate yields minimum out 
put current or cut-off condition. The effect 
of the gate junction of the Chargistor is 
therefore definitely different from that of 
an ordinary field-effect device.” 
Operation of the Chargistor at 200 volts 
with greater than 1 mc frequency response 
has been demonstrated experimentally. 
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ommuwn Feesearch Note 


RESEARCH INTEREST in silicon as a resistive 
material has arisen from the development 
of integrated single-crystal circuits which 
combine active and passive components in 
a single block. Resistors are made by 
diffusing impurities of the opposite type 
onto the surface of a substrate. The dif- 
fusion may be limited in extent by photo- 
engraving and oxide-masking processes, or 
the diffused material may be etched away 
locally by photo-engraving. For a typical 
surface concentration of 10'§ atoms/cu 
cm, the sheet resistance of diffused layers 
three microns thick is 220 ohms (n-type 
diffusant) or 800 ohms (p-type). There 
is thus virtually no limit to the achievable 
value of resistance, 

The temperature coefficient of diffused 
resistors is generally much better than 
that of bulk silicon material since im- 
purity scattering is more important in 
the diffused material, and this has a 
temperature coefficient opposite that of the 
lattice scattering which predominates in 
the bulk. A zero temperature coefficient 
occurs in n-type diffused material with 
surface concentrations between 1018 and 
1019 atoms/cu cm. 

Sources of noise occurring in silicon 
resistors have been analyzed and it is 
felt that there is no reason to expect 
noise from the bulk material to be more 
than slightly higher than the Johnson noise. 
For example, a resistor at temperature 7 
with N, carriers provides an excess-noise 
figure per unit of power dissipated of 


F-1] 


—2 ory ~.2 
_ (c+ 1)(6 +c) kRTN, 
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Silicon as a Material for Resistors 


where 


b=ratio of electron-to-hole mobility 

c =ratio of electron-to-hole concentra- 
tion 

+ = lifetime of minority carriers 

i: = Boltzmann’s constant 


Two types of ohmic contacts can be 
made to semiconductors: the n*-to-n (or 
p*-to-p) contact and the high-recombina- 
tion contact. In the former, the metal is 
in contact with a heavily doped degenerate 
layer of semiconductor which is itself in 
contact with a less heavily doped semi- 
conductor of the same type. In silicon, 
the contacting metals most frequently used 
are gold and aluminum and the highly 
doped layer is formed either by diffusion 
or by alloying, using the aluminum-silicon 
system for p-type material and the gold- 
antimony-silicon system for n-type. 

The high-recombination contact depends 
on the production of a layer of very-short- 
lifetime material adjacent to the metal 
contact. This prevents the carrier con- 
centrations from departing appreciably 
from equilibrium under applied voltage. 
The short-lifetime region is usually pro- 
duced by abrasion, after which a metal is 
plated onto the abraded region. The char- 
acteristics of such contacts are seldom as 
good as alloy contacts, but the experi- 
mental study described here shows that 
useful contacts can be made to silicon in 
this way. This allows the formation of 
silicon resistors without evaporation or the 
use of an alloying furnace. 

An electroless nickel bath containing the 
following constituents is used: 


nickel chloride 30 grams per liter 
sodium hypophosphite 10 grams per liter 


ammonium citrate 
(dibasic) 
ammonium chloride 


65 grams per liter 
50 grams per liter 


The pH of the solution is adjusted to be in 
the range from 8 to 10 by the addition of 
ammonia, the correct quantity of added 
ammonia being indicated by a color change 
of the solution from green to blue. It has 
been found that ohmic low-resistance con- 
tacts can be produced, at least on low- 
resistivity n-type material. The material 
is finished on 303-grade alumina which is 
ultrasonically washed, then immersed in 
40 per cent hydrofluoric acid for two 
minutes and transferred wet with the acid 
into the plating bath. The plating is con- 
tinued for 15 min at 100 C. The contact 
is adherent without firing. The resistance 
of two such contacts was found to be about 
0.2 ohm/sq cm and the resistances were 
independent of current at low current 
densities (50 ma/sq cm). At higher cur- 
rent densities, the resistance tends to 
decrease. 

Batches of silicon resistors were made 
from 1 and 3 ohm-cm n-type materials, 
using the plating technique just described 
followed by dip soldering. The sensitivity 
of these resistors to changes in the sense 
and magnitude of the current was meaured. 
The measured values were found to change 
by about 5 per cent for the 1 ohm-cm 
material and 1'% per cent for the 3 ohm- 
cm material. 

Editor’s Note: This article was ab- 
stracted from a paper by H. Crystal and 
B. L. H. Wilson delivered at the Inter- 
national Conference on Components and 
Materials Used in Electronic Engineering, 
sponsored by the Institution of Electrical 
Engineers, June 1961, London, England. 
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Summaries of Recent European Patents 


A selection of recent European patents 
in the general area of electrical/elec- 
tronic materials and devices is given 
here in summary form: 


“Improvements in or Relating to Methods 
of Preparation of Thin Layers of Electro- 
luminescent Materials.” Great Britain, 
861,543, Société d’Electronique et d’Auto- 
matisme. (24/9/56-22/2/61) 

Conditions for the vapor deposition of 
electroluminescent oxide and/or sulfide 
materials are described. 


“Procedure for the Metallization of In- 
sulating Film.” France, 1,253,240, Siemens 
and Halske. (5/11/59-10/2/61) 

An insulating film is coated with a layer 
of aluminum by vacuum evaporation. A 
further metal layer is added as reinforce- 
ment, and an electrode is fitted (for ex- 
ample) along one edge of the film. 


“Electrically Insulating Material for Use 
at Elevated Temperature.” France, 1,249,- 
785, Compagnie Francaise Thomson-Hous- 
ton. (3/3/60-30/12/60) 


DECEMBER 1961 


A plastics insulating material consist- 
ing of a 1,1-difluoroethylene/chlorotrifluoro- 
ethylene copolymer plasticized with a 
tetra-alkyl titanate is described. 


“Procedure for the Manufacture of Ce- 
ramic Dielectric Material.” Germany, 
1,098,428, Niirnberger Schraubenfabrik und 
Elektrowerk G.m.b.H. (7/7/54-26/1/61) 

The specification relates to the prepara- 
tion of a high-dielectric-constant barium- 
lead titanate-zirconate material. The com- 
position is as follows: 


BaO, at least 40 mol per cent 
TiO,, at least 40 mol per cent 
ZrO,, not more than 10 mol per cent 
PbO, not more than 10 mol per cent 


“Procedure for the Production of Very 
Thin Dielectric and Conductive Layers, in 
Particular for Capacitors and Cables.” 
Germany, 1,103,420, Maria Steiner. 
(18/12/53-30/3/61) 

An insulating body containing closely 
spaced conducting layers is produced by 
precipitating in a porous insulating block 
layers of a compound which on ignition 
produces a conducting material. The pre- 


cipitation is carried out in a manner 


analogous to the production of Liesegang 
rings. 


“Improvements Relating to Titanate Ma- 
terials Suitable for Dielectrics in Ceramic 
Capacitors.” Great Britain, 860,019, The 
British Ceramic Research Association. 
(14/8/56-1/2/61) 

The dielectric properties of Bi,Ti,O,, 
are described. Mixtures of this bismuth 
titanate with barium titanate and/or 
titanium dioxide, or with compounds of 
the type A?*B4*Os (where A is Mg, Ca, 
Ba, Zn, Sr, Cd, or Pb; B is Fe, Mn, V, 
Ti, Mo, W, Sn, Zr, Hf, Ce, Th, Si, or Ge), 
and compounds in which the bismuth is 
replaced in part by La, Y, or Ce, can be 
used in the manufacture of useful high- 
dielectric-constant materials. 


“Improvements Relating to Printed-Circuit 
Components.” Great Britain, 868,116, Elec- 
tric and Musical Industries Ltd. (13/7/56- 
17/5/61) 

The invention relates to the use of a 
terephthalate polyester film, approximately 
0.001 in. thick, as a base for printed- 
circuit inductors with high Q. The inductor 
is mounted in a printed-circuit panel by 
stretching it tautly across an aperture. 
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GRAPHITAR 


(CARBON-GRAPHITE) 


FOR DEPENDABILITY 


GRAPHITAR’S own character makes it depend- 
able. A non-metallic engineering material, 
formed from carbon and graphite powders and 
a special binder, compacted under high pressures 


There are other characteristics every bit as im- 
portant to GRAPHITAR’S dependability. They 
include chemical and magnetic inertness, me- 
chanical strength and adaptability to self- 


lubrication. Besides these natural characteristics, 
GRAPHITAR engineers can control porosity, 
strength and hardness to match GRAPHITAR’S 
physical properties to each individual applica- 
tion. It’s little wonder that GRAPHITAR has 
become one of the design engineer’s most versa- 
tile and useful materials. 


and furnaced at temperatures up to 4,500°F., 
GRAPHITAR possesses inherent characteristics 
that give finished parts exceptional depend- 
ability. GRAPHITAR’S natural heat resistance, 
for example, gives bearings, seals, vanes and 
rings exceptional dependability whenever de- 
pendability is one of the prime requisites. 


In this laboratory test stand, oxidation-resistant 
GRAPHITAR parts are being checked under simu- 
lated operating conditions. Similar tests have proven 
that, when GRAPHITAR parts are exposed in oxidiz- 
ing atmospheres at 1,200°F., they show only a weight 
loss of less than six percent after 200 hours. 
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With the aid of photomicrographs, engineers 
at The United States Graphite Company gain 
valuable information about the microstructure 
of GRAPHITAR parts. Modern laboratory 
equipment such as the Metallograph enables 
engineering personnel to advance product 
quality for maximum dependability. Extensive 
and continuing R&D work has always been an 
integral part of The United States Graphite 
Company's operations. 








GRAPHITAR air/oil seals employed in today’s high- 
speed turbojet engines have established an enviable rec- 
ord for operating dependability. Installed on the main 
shaft of the turbine, GRAPHITAR seals successfully 
withstand tremendous shaft speeds and generated heat. 


GRAPHITAR bearings in the power reactor pumps 
of American nuclear submarines have compiled an 
outstanding record for dependability. 


Do you have an application in which GRAPHITAR’S dependability can help 
solve a tough problem, reduce your costs and improve the operational life of 
your products? Our engineering staff can help you find out. Our field men can 
also give specialized, on-the-job consultation. Send for your free copy of 
Engineering Bulletin #20. Included is helpful information about the properties, 
characteristics and applications of GRAPHITAR. 


Unusually shaped parts of GRAPHITAR can be 
molded easily with today’s modern techniques. 
Ears, face slots and outside diameter notches of 
friction disc above, left, were molded in one 
operation without need for secondary machin- 
ing and finishing. 


DIVISION OF THE WICKES CORPORATION, SAGINAW 8, MICHIGAN 
GRAPHITAR® cargon-crapuie © GRAMIX® powoer metatrcy © MEXICAN” crapHite prooucts © USG® prusnes 
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What surveys show 
32,916 ENGINEERS 
think of 

MDI Polarized 
Relays 

for 


POLARITED RELAY 
MAGMETIC DEVICES IMC 
FREDERICE MARTLARD USA 


Actual Size 


Servomechanisms 
Differential Controls 
Computer Circuits 
Process Controls and 
other applications 


45.5% 
rated MULTIPLE COILS 
best feature. 1 to 

4 coils on 8-pin octal 
or 12-pin plug-in base 


47 .2% 


noted OPERATING 
SPEED, 1 millisecond 


39.5% 

liked the choice of 
CONTACT 
ARRANGEMENT 
Side-stable, center-off, 
spring-biased 


We're sure you'll agree 
with these and the other 
12 preferred features 
of MDI relays. Write for 
illustrated brochure. 


MAGNETIC DEVICES, INC. 


Dept. 6 
712 East Street 
Frederick, Maryland 


& 
Ww 
Ww 
& 
© 
a 
Ww 
e 
0) 
- 


— 
a 


Circle 111 on Inquiry Card 








Research Micro-Notes 


Commentary 


P 
rogranis 


Bell Telephone Laboratories scientists 
Drs. L. H. Germer and A. U. McRae 
described new techniques for studying 
adsorption of monolayers of gases on 
crystal surfaces at the International 
Conference on Magnetism and Crystal- 
lography held in September in Kyoto, 
Japan. In brief: low-energy electrons 
are diffracted from a surface and ac- 
celerated to a fluorescent screen by a 
strong electric field. The diffraction 
pattern on the screen gives the arrange- 
ment of the first monolayer of atoms on 
the surface. This technique provides a 
powerful new tool for the detailed study 
of such surface phenomena as catalysis 
and corrosion. . . . In another BTL 
paper, R. C. LeCraw and E. G. Spencer 
described further work toward the un- 
derstanding of yttrium iron garnet, a 
material that appears to offer many ad- 
vantages over ferrites in various elec- 
tronic uses. The work reported is of 
particular importance in the micro- 
wave field. 

Other BTL work currently in the 
news is the announcement of a new 
optical maser material (neodymium in 
calcium tungstate). Utilizing crystals 
pulled from the melt, Drs. L. F. John- 
son and K. Nassau were able to con- 
struct an optical maser able to operate 
at room temperature with no more than 
5 joules input power. The emission line 
is in the desirable (photographic) part 
of the infrared region — 10,600 Ang- 
stroms. 

Prototype 50-watt solar power plant 
designed by Westinghouse research en- 
gineers in cooperation with the Uni- 
versity of Wisconsin Solar Energy 
Laboratory is indicative of continuous 
research activity in this area, both in 
this country and abroad. Heart of the 
generator is an array of 72 thermoelec- 
tric semiconductor couples. Next step 
in the Westinghouse program is a 200- 
watt generator. . . . A comprehensive 
examination of vacuum techniques and 
applications was provided at a four-day 
Congrés International des Techniques 
et Application du Vide (C.I.T.A.V.), 
held in Paris, June 20-24, inclusive. An 
excellent summary of the various papers 
(with many abstracts in German and 
English translations) has been pub- 
lished. For further information, write 
the Administrative Secretary of the 
sponsoring organization, La Société 
Frangaise des Ingénieurs et Techniciens 
du Vide, 147 ter A, Boulevard de Stras- 
bourg, Nogent/Marne-Seine, France. 

And from beyond the Iron Curtain: 


on Current Research Dr velopments, 


ad Reports 


A mica substitute consisting of very 
thin glass films has been developed at 
the Moscow Chemico-Technological In- 
stitute. The material is said to be 
characterized by a high degree of light 
transmission, adequate flexibility, and 
excellent mechanical and_ insulating 
characteristics. When the thickness of 
the glass sheet is reduced from 8 mm 
to 30 microns, the transverse bending 
strength under a steady load is in- 
creased by a factor of about 9. It is 
claimed that the properties of this so- 
called “glass mica” are not inferior 
to those of natural mica. Dielectric 
characteristics can be altered by 
changing the composition of the glass. 
. . . Induction coil of miniaturized test 
probe developed at Battelle Memorial 
Institute utilizes 200 turns of magnet 
wire 0.00065 in. in diam wound around 
a core 0.0008 in. in diam. Applications: 
inspection of small electrical and me- 
chanical parts, measurement of eddy 
and induction current, location of phys- 
ical defects in inaccessible parts. 
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THIS MONTH’S COVER 


Electro-Technology 


Tre Design Magarine of Sarr 6 4 Engmtenag «the Blecicabttectrone Fett 


Flat and cylindrical structures consisting 
of layers of various materials, as repre- 
sented on our cover this month, are the 
common physical shapes involved in de- 
signs in which heat conduction must be 
evaluated. When unsteady heat flow is 
involved, the methods of analysis based 
on equilibrium do not apply directly, 
and various analog and approximation 
approaches must be adopted. These ap- 
proaches are the subject of our Decem- 
ber Science & Engineering article, 
“Transient Heat Flow,” starting on page 
93. 
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Two modern plants, advanced processing equipment of our 
own design, unexcelled research and testing facilities, eight re- 
gional warehouses—that tells most of the Rea story, but not all. 
We're specialists in magnet wire design and application— 
copper and aluminum, all insulations. Rea field consultants’ 
first function is helping the electrical and electronics manufac- 
turing industries produce better equipment, blaze new trails. 
Talk over your next wire order—or problem—with a Rea man anne and 
é : } : * Aluminum Magnet Wire, 
Or write to us in Fort Wayne. All Insulations 
REA MAGNET WIRE COMPANY, INC. 


Division of Aluminum Company of America « Dept.1931-M, Fort Wayne, Ind. e TWX: FW1£&7 
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iH MICRO SWITCH Precision Switches 
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Reliable snap-action switches 


Here is a new concept in ultra-small lighted pushbutton 
switches for control with integral simultaneous visual 
indication. Switches in the 300"' series are designed for N- 6902920, ileal 
military and industrial electronic control panels where ADJACENT MOUNTING OF 


ean i cr n J : UNITS. FOR INDIVIDUAL 
space is an important factor. MOUNTING .690 920 X.812 MIN 


-900 

In less than one cubic inch: double-pole double-throw " RECTANGULAR HO‘ 
Switching; two integral lamps; choice of 15 combinations 
of two-color display screens. Alternate-action operation 
(push on—push off). Designed to conform to MIL-S-6743, 
MIL-S-6744, and MIL-E-5272. 


Within the assembly are two SPDT switches, rated 7 | acct 
amps. 115-230 vac or 28 vde. A 5-volt sub-miniature lamp OY 

is under each half of display screen and there are 15 ; s po 
combinations of color display available. The complete unit Ly DS iieasaial 
snaps into panels 0.047 in. thick or greater. No installa- A \¥ THICKNESS 
tion tools needed. Minimum mechanical life is 100,000 

operations. Lamp life is 60,000 hours at rated load. 


LAMP LOCATION 


peed 


e Ss 


Available in the same size are a momentary-action 
switch, and an indicator unit without switching function. 
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for electronic control panels 


CUSTOM-BUILT CONTROL PANELS REQUIRE CAREFUL SELECTION OF SWITCHES 


Immediately available are hundreds of small size switch 
units with variations in dimension, electrical capacity, 
shape, appearance and circuitry. All have undergone 
thorough tests in the most complete test laboratory of 
its kind. 


Shown above and briefly described here are only a few 
of the hundreds of types of switch assemblies available. 


1. Electronic switch-circuit for bounce-free voltage output. 
2. Light force, rapid repeat pushbutton. 


MICRO SWITCH, FREEPORT, ILLINOIS 
A division of Honeywell 
In Canada: Honeywell Controls, Limited, Toronto 17, Ontario 


3. Synchronized ‘‘one-shot"’ pulse circuit. 

4. Compact, 4-pole snap-action pushbutton. 

5. Lighted pushbutton, modular design, barrier mount. 

6. Lighted pushbutton, electronic ‘‘one-shot"’ switch-circuit. 

7. Two-color lighted pushbutton, snap-in flange mounting. 

8. Bushing mount lighted pushbutton, high capacity, 2-ckt 
switch. 

For more information and for experienced help in selec- 

tion, contact one of our many branch offices listed in 

the Yellow Pages, or write for Catalog 67 and Bulletin 22. 


Honeywell 
MICRO SWITCH Precision Switches 
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>’ NO STARTING PROBLEMS 


Ps 


at ‘ with 
> “ Ms WAGNER CAPACITOR-START MOTORS 


a oJ J Pack more power into less space...give long 
Quick om Switch troublefree service...are easy to hook up 


The starting winding is disconnected . . . 
from the line by this Wagner designed Here are general purpose single-phase motors that have high starting torque and 
pwtich.. .26ut proved te euke mere than high pull-in torque. When used in the proper application and supplie -d with voltage 
a million brecks. (That adds up to two 
starts per hour for 50 years!) close to their rating, they'll give positive starts every time. Troublefree operation 
2 is assured... thanks to the positive action of the Wagner governor mechanism 
and long life quick-break switch. 


Wagner Type RK Motors pack more power into less space. Small enough to fit 
in tight spots, their ruggedness is built-in... permits direct mounting. They are 
available in a range from 14 through 5 horsepower, with sleeve or ball bearings, 
and with rigid bases or resilient mountings. And, sleeve bearing fhp models can 
be operated in any position. 


Get these motors from leading distributors in your city, or from Wagner Sales 
Offices in 32 cities across the country. Your Wagner Sales Engineer will be glad 
to help you select the right motor for your application. Wagner Bulletin MU-217 
gives full details on Capacitor-Start Motors. 


Quick Connect Terminals 
Br rmin v rmi > . 
eee tats a0 Sieateel inte pam Wagner Electric Corporation 


6454 Plymouth Avenue, St. Louis 33, Missouri 


WM60-2A 
if 


wiring time to speed assembly line pro- 
duction. Simply press the lead receptacle 
on to the stud—ca positive connection 
is assured. 


All-Angle Operation 


The sleeve bearing design, in fractional 
hp rotings, has a positive lubrication 
system thot permits operation in any 
position ...can mean important savings 
in motor costs to manufacturers. 


RIGID BASE 
Ve THRU 5 H.P. 


RESILIENT- MOUNT 
Ve THRU 5 HP 
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in direct writing recording systems 


only Brush 
designs 
specifically for mil specs 


From every nut and bolt to the shipping crate, fully militarized Brush Direct Writing 
Recording Systems are originally built to meet military specifications. 


That’s why they are performing every imaginable task of data acquisition and 
recording at U.S. and NATO installations throughout the world. These electric writing 
systems have proved their unexcelled reliability ...from the Operations Monitor 
that will record 120 separate operations at the instant they occur... to the Analog and 
Sequence Recorder that simultaneously records both analog data and sequential events. 
And, they are built for maximum performance in the hands of non-technical personnel. 


Brush equipment is already at work putting evaluation data in writing for a whole new 
generation of weapons. When the weapons become operational, Brush MIL Recorders 
are a vital part of the system. This experience is unique in the industry. Before 
prototype design becomes a problem—call, write or wire Brush for complete details. 


brush INSTRUMENTS 


DIVISION OF 


37TH AND PERKINS | CLEVITE | CLEVELAND 14, OHIO 


cComroRation 





Transient Voltages...Cause and Cure 


A transient voltage can be generated whenever a mag- 
netic component is energized, or de-energized. The peak 
amplitude of the spike can be many times the normal 
steady state peak inverse voltage, and is dependent on the 
amount of magnetic energy stored in the circuit and the 
rate of change of the collapse of the resultant flux field. 

The amount of magnetic energy stored in various cir- 
cuit reactances can be approximated by L+4, and this 
energy, when current is interrupted can produce a volt- 
age equal to L%. It is apparent, therefore, that under 
severe load or overload conditions, a high level transient 
voltage with substantial energy can be generated. 

In actual applications, transients are generated mainly 
through interruption of current by switching, although 
circuit characteristics and phenomena can contribute to 
the problem. Full advantages to be gained from silicon 
rectifiers are available only if they are properly applied 
and protected. Silicon rectifiers have low inverse voltage 
capabilities and thermal capacity, so any overvoltage 
condition, even for a few microseconds, can destroy the 
junction. The circuits illustrated are typical of those 
where problems have been found. 

In addition to the three most common causes, less 
obvious circuits and phenomena can generate transients. 
Among these are minority carrier recovery, switching 
magnetic amplifiers, lightning or random line conditions 
and motor regeneration. 

The problem of computing C or RC filters is com- 
plicated because of the possibility of changing circuit 
operating parameters or causing oscillation. 

Tarzian’s recently developed line of “‘klipvolt’’ seleni- 
um transient voltage suppressors, therefore, offers a rel- 
atively low cost, simply applied method of positive pro- 
tection. In many applications, a “*klipvolt’’ suppressor will 
reduce overall circuit cost and increase reliability. The 
accompanying table covers the important design factors 


TYPICAL Bipwok- SUPPRESSORS—SINGLE PHASE 


DC LOAD CURRENT 


of voltage and current that govern typical application of 
suppressors; however, special designs and ratings are 
available on request. There are two basic types of sup- 
pressors, the non-polarized for use primarily across AC 
components, and the polarized for use in DC load cir- 
cuits. In some instances, however, it may be preferable 
to use non-polarized suppressors in output circuits for 
more positive clamping or non-interference with circuit 
timing or operation. 

Switching in Primary—Transients are caused by interruption 


of “‘magnetic” current, or by energizing the primary and causing 
oscillation between inductance and distributed capacity. 


FIGURE 1 


Switching Load—When the load is switched, the magnetic energy 
stored in the input circuit generates a voltage across the rectifiers 
and switch. 


$1 
SRI Li 


FIGURE 2 


Magnetic Components on Common Line—Other magnetic 
components like motors, solenoids, relays or breakers can gener- 
ate a transient peak when input is interrupted. The generated volt- 
age will appear across the rectifier. 


FIGURE 3 


201-350 
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DC LOAD CURRENT 


61-115a 


ae oe 116-200a 
H.W. BR 


H.W. BR 


201-450a 


RMS VOLTS H.W. BR 

















Note: Ail types without suffix letter use plates 1” square; with “‘A’’—1'4”, with “‘B’’—1.6”; and with ‘“‘C''—2” square. Length depends on voltage 
rating and varies from 1%” to 434”. 


Write for complete 
“‘klipvolt’’ application information. 


SARKES TARZIAN, INC. 


World's Leading Manufacturers of TV and FM Tuners « Closed Circuit TV Systems « Broadcast 
Equipment « Air Trimmers FM Radios « Magnetic Recording Tape « Semiconductor Devices 


SEMICONDUCTOR DIVISION e BLOOMINGTON, INDIANA 
in Canada: 700 Weston Rd., Toronto 9 « Export: Ad Auriema, inc., New York 


COPYRIGHT 1961, SARKES TARZIAN, INC. 
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Only U.S. SYNCROGEAR 
has all these features... 


WAST Ta (0 


distortion or - 
ale S Lt dalnalcial 


le] M Par Le i 
UMM ma Tel ~S 
can’t vibrate or 

work loose. 


ASBESTOS PRO- a | 
TECTED WINDINGS 

wil! not deteriorate 

from heat. 


ONE-PIECE SUPPORT- 
ING CASE assures 
Maa lalate 
of gears, pinions. 





| THROUGH-HARDENED 
GEAR TEETH give 
| greatest strength, 

» longest wear. 


NORMALIZED FRICTION-FREE owen oe REN 1 3 ; MICRO-SHAVED AND 
CASTINGS OIL SEAL can’t —jea* AUTO-LUBRI- . HONED GEAR TEETH 
prevent Lee eh a CATION by provide smooth 

} rela ol arsaa aa es . SFL eped oe ro slow-gear dip operation, long life. 
alignment of eee ale) 

' one weer churning 


offer the most features 
to sds long life and dependability. For a quarter-century, 
U.S. Syncrogears have led design progress. (Available 1 3 


to 75 h.p.—single-, double-, triple-reductions, and worm-geared.) 


U.S. MAJOR MOTOR LINES INCLUDE: FREE SYNCROGEAR BROCHURE No. F-1880 
a }. Vertical Solid & Holloshaft, 2. Varidrive, 3, Totally-Enclosed, Color illustrated 
4. Uniclosed, 5. Syncrogear. Also, many other special motors. ‘ 


U.S. ELECTRICAL MOTORS INC. 


P.O. Box 2058 « Los Angeles 54, California or Milford, Conn. 
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Sometime | 
in1963 


Surveyor 
will lard on 


the moon 


Work on Project Surveyor, one of the 
most important in our nation’s space 
program, is now underway at Hughes. 
it is an urgent, demanding project. The 
engineer or scientist who qualifies for a 
position on Project Surveyor will have 
op ties for technical accomplish- 


ersonal!l arowtn 


ortun! 


nent and 
we and 


which are 
re will gain unique 
n insure his future 

: “en 
ust one of Hughes’ 
WOrk,. \t 


nvolves the 
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design and development of a space- 
craft which will ‘soft’ land on the moon 
and gather, analyze and transmit back 
to earth information about the moon's 
surface, subsurface and atmosphere. 


‘ Other Hughes space work includes: 


ARPAT (terminal anti-ballistic missile 
defense), BAMBI (anti-ballistic missile 
defense feasibility study), COLIDAR 
and SYNCOM (space communications 
systems), Space Propulsion Systems 
and Space Power Systems. 


Hundreds of openings exist for imagi- 
native junior and senior engineers and 
physicists. Experience is preferred, but 
not required. Representative openings 
include: 


CONTROLS ENGINEERS Concerns 
hydraulics, airborne computers, and other 
controls related areas for: missiles and 
space vehicles, satellites, radar tracking, 
control circuitry, controls systems, control 
techniques, transistorized equalization net- 
works and control servomechanisms. 


CIRCUIT DESIGNERS !nvolvesanalysis 
and synthesis of systems for: telemetering 
and command circuits for space vehicles, 
high efficiency power supplies for airborne 
and space electronic systems, space com- 
mand, space television, guidance and con- 
trol systems, and many others. 


SYSTEMS ANALYSTS Toconsider such 
basic problems as: the requirements of 
manned space flight; automatic target rec- 
ognition requirements for unmanned satel- 
lites or high speed strike reconnaissance 
systems; IR systems requirements for 
ballistic missile defense, 


immediate openings also exist for 
Power and Propulsion Engineers, Analytical 
and Design Engineers, Structures Engi- 
neers, Heat Transfer Engineers, Equipment 
Installation Engineers, Electromagnetic 
Theory Specialists and Antenna Specialists. 


Inquire today. Your reply will be treated with 
strict confidence. Please airmail your 
resume to Robert A. Martin, Supervisor of 
Scientific Employment, Hughes Aircraft 
Company, 11940 West Jefferson Bivd., 
Culver City 59, California. 


Creating a new world with ELECTRONICS 


| HUGHES 


SHES AIRCRAFT 


AEROSPACE DIVISIONS 
An equal opportunity employer. 


OMPANY 
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Simplify all your Electrical Connections 
with Phelps Dodge Solderable Magnet Wires! 


Four wires—with low temperature solderability 
—which permit direct soldering of connections, 
thus eliminating need for stripping of insulation: 


Sodereze®—The Phelps Dodge Polyure- 
thane film with excellent electrical properties. 
Ideal for layer wound coils, I. F. coils and 
hundreds of other applications where solder- 
ability is required. 

Nyleze®—Nylon over Sodereze—Class B. 
Ideal for random wound coils, armatures, 
Class B transformers and the difficult winding 
applications. 


Magnet Wires that Pace the Industry 


Grip-eze®— A special frictional surface over Sodereze 
which prevents end-turn fall down. Ideal for ‘‘basket- 
weave” and “universal” wound coils. 


S-Y Bondeze®—Phelps Dodge self-bonding film 
over Nyleze. Allows quick and excellent bonding in 
addition to direct low temperature solderability. Ex- 
cellent for self-bonded random wound coils. 


Reliable electrical connections are assured with these Phelps 
Dodge solderable wires. Their uniformly high quality per- 
mits use on automated, as well as manual soldering lines. 
When used in either operation, these wires offer important 
Overall time and cost savings benefits. 


PHELPS DODGE COPPER PRODUCTS corporation 
INCA MANUFACTURING DIVISION rort wayne, INDIANA 
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CUTLER-HAMMER QUALITY 3-STAR MOTOR STARTERS AVAILABLE IN 10 SIZES, 00 THROUGH 8 
se “eae 
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CUTLER-HAMMER MOTOR STARTERS 


Still the proven standard 
of quality...always in stock 
for immediate delivery 


Millions of satisfactory operations in thou- 
sands of applications have proved the un- 
matched quality of Cutler-Hammer across- 
the-line magnetic starters. That this line 
is still recognized as the leader—nine years 
after the original design was developed— 
is a great tribute to the years-ahead think- 
ing of Cutler-Hammer engineers. 


FIRST IN '53—STILL THE LEADER IN ’61 


Since the Three Star line was introduced in 
1953, many improvements have been made; 
magnet coils that far exceed NEMA stand- 
ards, for example. But many achievements 
of the original design—vertical, dust-free 
contacts; overload relays adjustable to with- 
in 3% of actual full-motor ratings; provision 
for 2 or 3-coil overload relays in the same 
enclosure—are features no other manufac- 
turer has been able to improve. You can 
safely bet that when these pace-setting fea- 
tures are improved, it’ll be another Cutler- 
Hammer development. 





WHAT'S NEW? ASK.. 


CUTLER-HAMMER 


Cutler-Hammer Inc., Milwaukee, Wisconsin ¢ Division: Airborne Instruments Laboratory e Subsidiary: Cutler- 
Hammer international, C. A. ¢ Associates: Cutier-Hammer Canada, Ltd.; Cutler-Hammer Mexicana, S. A. 
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ALWAYS AVAILABLE FOR FAST DELIVERY 


You'll find the smaller sizes of Cutler- 
Hammer Starters always in stock at your 
local distributors—larger sizes immediately 
available from the factory. We hope you'll 
make your own feature-by-feature com- 
parison between the Cutler-Hammer line 
and any other starter on the market. Look 
especially carefully at such vital advantages 
as ease of installation, high interrupting ca- 
pacity, coil construction and accessibility. 


Regardless of what features you select as 
the criterion of superiority, we’re sure you'll 
choose Cutler-Hammer after you’ve made 
your unbiased comparison. 

If you’re one of many companies being 
forced to stock two sets of parts because of 
design changes, now is an excellent time to 
standardize on Cutler-Hammer. 

Call your distributor or local Cutler- 
Hammer Sales Office soon. Or write for 
Publication LO-70-Y231. 





AE 


DO 


To the Engineer 


looking for a fast circuit seesaw 


If you’re in need of something better than a 
flip-flop that only partially transfers a circuit 
—something with a transit time of less than 
a millisecond—then you'll be delighted with 
AE’s Series PTW Polar Relay. This mag- 
netically biased relay will transfer a circuit 
with the beautiful regularity of an observa- 
tory clock, and trigger on only a few mils 
from your available energy source. 


Substantially smaller than other polar relays, 
the PTW’s unique design virtually guaran- 
tees the high-speed switching of a single cir- 
cuit billions of times without readjustment! 
Its service records to date in telegraph and 


teleprinter circuits and differential controls 
suggest that its life is practically limitless. 
Terminals to meet your specs. 


Our circuit engineers will be happy to work 
with you in adapting the PTW to your 
designs. Or possibly you’d like to leave the 
switching to us—in which case we can take on 
the complete packaging and more than likely 
shave your costs. 


For full information on the PTW, ask for 
Circular 1821-E — and for answers to your 
control problems, write the Director, Control 
Equipment Sales, Automatic Electric, North- 
lake, Illinois. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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SPECTROL MODEL 860 
1%," diameter precision potentiometer 
Linearity Tolerance +0.25% 
Standard Resistance Range 


502 to 500K (to 1 Meg at wn cost) 


These two Spectrol 10-turn precision pots are not 
specials in any way. They’re standard production 
items in two popular sizes, tailor-made to fit almost 
all 10-turn requirements. Here’s where Spectrol ex- 
cels to give you the best pot for your 10-spot: 


END RESISTANCE Spectrol’s low end resistance is 
achieved by tap welding terminations to the turn of 
resistance wire nearest the mechanical stop. In addi- 
tion, Spectrol provides an extra turn of helical resist- 
ance element beyond the stop insuring electrical con- 
tinuity under all conditions. 


ROTOR MASS Spectrol’s lightweight rotor reduces 
inertia and starting torque, as well as minimizing the 
effects of shock and vibration. 

WIPER MASS A wiper that’s the lightest we’ve seen 
in any 10-turn pot allows lower contact force with 
resultant long life and superior performance under 
shock and vibration. 


Stocked by 50 

Local Distributors 
Throughout the U.S. and 
Canada for Immediate 
Off-the-Shelf Delivery 


SPECTROL MODEL 510 
Ye" diameter precision potentiometer 
Linearity Tolerance +0.25% 


Standard Resistance Range 
152 to 150K (to 250K at extra cost) 


SHAFT SUPPORT Spectrol pot shafts are supported 
by bearings at both ends and have provision for rear 
shaft extension. 


STOPS Spectrol uses 750 oz. in. stops on Model 860; 
50 oz. in. on Model 510, the strongest you'll find. 


LIDS SECURED BY INTERNAL SNAP RING Use of 
snap rings gives 360° lid support as opposed to other 
methods of attashment. Another exclusive feature: 
Remove or replace lids without damaging unit. 


POWER RATING Model 860, 8 watts, and Model 
510, 3 watts; at 40° C ambient. 


SPECIAL FEATURES AVAILABLE 

Additional taps up to 111 on Model 860; up to 49 on 
Model 510. Special front shaft configurations and rear 
extensions. Special linearity and resistance tolerances. 
More Data Available For complete electrical and me- 
chanical specifications, and quantity discounts, contact 
your Spectrol representative or call or write the factory. 


ELECTRONICS CORPORATION 


1704 South Del Mar Ave. « San Gabriel, Calif. *» Phone: ATlantic 7-9761 


Se 


P.O. Box 130 + Brampton, Ontario, Canada 


Adams Court + Plainview, Long Island, N.Y. * Phone: WElls 8-4000 


The World’s Broadest Line of Precision Potentiometers a 
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This is an advertisement seeking critical materials. Number 10 in a series 


Wanted: 


25 POUNDS 
LUNAR DUST 


For environmental testing of switches 
and indicator lights we manufacture for space vehicles 
and interplanetary industrial equipment. 


For detailed product data write: 


CONTROLS COMPANY iC OF AMERICA 
CONTROL SWITCH DIVISION 
1420 Delmar Drive, Folcroft, Pennsylvania 


Manufacturers of the Electrosnap and Hetherington full line of switches, controls and indicators for all military 
and commercial applications. All standard units stocked for immediate delivery by leading parts Distributors 
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ELECTRICAL SHEETS 
WITH 
PERFORMANCE BUILT IN 


The complexities in design and manufacture of modern rotating 
equipment are shared by Acme-Newport metallurgists, experts 
for half a century in the production of electrical sheets for every 
application. This basic steel producer understands the problems, 
and maintains a special department dedicated to meeting every 
specification and maintaining uniformity in physical, electrical 
and magnetic qualities. At Acme-Newport control begins with 
melting and continues through every phase of rolling, annealing 
and processing, to provide sheets exceptionally true to gage, 
clean in punching and economical in assembly. That’s the kind 
of electrical sheets we want to furnish you! 


PRODUCTS OF ACME-NEWPORT STEEL 


Hot Rolled Steel in Coil | Cold Rolled Steel in Coil | Plates (54" and lighter) 
Hot Rolled Pickled Steel in Coil (full hard only) Electrical Sheets 

Hot Rolled Sheets Cold Rolled Sheets Electric Weld Line Pipe 
Hot Rolled Pickled Sheets Alloy Sheets and Plates | Spiral Welded Pipe 
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ALL-NEW... CR TOE 


now... measure 
true RMS value 
sme died Li ae 
waveforms 


ACCURACY {% 


BAND WIDTH: 
(10 cps-7 mc) 


Accurate measurement of complex waves is now possible 


4 0) A over a wide range of frequency with the NEW jf MODEL S10A. 


For the first time one instrument provides 1% midband accuracy,  : Partial Specifications—jf MODEL 910A 
10 cps to 7mc bandwidth, plus 100 u v sensitivity. For added versa-_ : 
tility an amplifier output is provided for simultaneous oscilloscope 

Decibel Range: 72 to +52 dbm 


or recorder monitoring. 

Model 910A employs a thermocouple located in the feedback loop —- Frequency Geapense: 10 a pion 
of a sensitive DC amplifier to measure the actual heating effect of ; ‘way: a ee 
the input waveform. This circuit arrangement is the key to the rapid: + 2% of full scale 20 cps to 2Mc 
response and high calibration accuracy of the Model 910A and also’: a 
prevents any error in reading due to ambient temperature variation. : + 5% of full scale 10 cps to 7 Mc 
Isolation of the thermocouple from the input terminals by a high * input impedance: 10 megohms shunted by 30 pf for 
gain, ultra stable AC amplifier provides high input impedance and _ : 0.3 volt range and below. 10 meg- 


a ° ohms shunted by 15 pf for 1.0 voit 
completely protects the thermocouple from burnout under any con-_ : range and above. 


dition of overload. ' ' ; > Crest Factor: 3 at full scale, proportionately 
_Model 910A is ideal for measuring AC currents in non linear de-: higher for readings less than full 

vices, total harmonic content of distorted waveforms, noise, average ones. 

power of pulse trains, and other measurements that involve wave- : Price: Cabinet Model— $545.00 


aE 7 ; : ; Rack Model—$565.00 
forms which are not necessarily pure sinusoids. . Prices f.0.b. factory. 


Prices and data subject to change without notice. 


win oo conn we mate Seseription —- [FLUJK E} Joun FLUKE MFG. CO., INC. 


P. O. Box 7428 Seattle 33, Washington 


Voltage Range: 1 MV to 300V (full scale readings) 
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” The First Exposition Of Its Kind Ever Held For The Electrical-Electronic Industry 
—The Electrical Engineering Exposition is the wnigue opportunity for you to see 
the entire range of equipment, materials, components, and services of all phases 
of the electrical-electronic industry —assembled in one place at one time. 


Your on-the-job days at the exposition—with all the latest ideas and the men who 
created them—will be profitable, professional time well spent. From the inevitable 
cross-pollination of ideas at the exposition may emerge the solutions to the prob- 
lems you are faced with today, and those you will face tomorrow. 


If you plan to attend the A.I.E.E. Winter General Meeting, your meeting registra- 
tion will admit you to the Electrical Engineering Exposition. For complete infor- 
mation about “Exposition-only” tickets, write: Reber-Friel Company, Exposition 
Management, 117 South 17th Street, Philadelphia, Pa. 


SPONSORED BY THE AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
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ame New Copper-Clad Reliability — 


In March, 1961, CDF Grade 614, glass-epoxy lami- 
nate, was announced ...and met with almost 
overnight acceptance. Particular electronics and 
electrical manufacturers wasted no time in 
specifying this premium performance material 
with zero burnout and minimum “‘haloing.”’ 


By June, 1961, CDF Grade 614 had become the new 
standard of comparison for applications in crit- 
ical ground and air-borne circuitry. Designers like 
its specifications, production men like the way it 
handles, management likes its reasonable price. 


Now, CDF Grade 614 Copper-Clad is setting a new 
pace among particular producers of printed cir- 
cuits... offering a new high in reliability for high 
packaging densities . . . and offering researchers 
a new tool in the investigation of molecular and 
submicro-circuitry. 


You can take advantage of 614 Copper-Clad’s unique features 
right now ... in research, development or production operations. 
Continental-Diamond Fibre Corporation, Newark, Delaware. A 
Subsidiary of the af Company. 
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ON THE SHELF— 


ARNOLD CORES 
IN WAREHOUSE STOCK 


FOR IMMEDIATE DELIVERY 


Let us handle your inventory prob- 
lems and save you time and money 
on your magnetic core requirements. 

Extensive stocks of four types 
of Arnold cores in the most popu- 
lar sizes have been set up in our 
Marengo, Illinois and Fullerton, 
Calif. plants. Subject of course to 
temporary exhaustion of stock by 
prior sales, these cores will be 
shipped the same day on orders re- 
ceived at the warehouse by 12:00 
noon. When cores are out of stock 
at the nearest plant, we may be 
able to ship within 24 hours from 
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the other. 

Arnold core products covered 
by this warehouse stock program 
include: 1) Silectron C, E and O 
cores in 2, 4 and 12-mil tape. 2) 
Type 6T aluminum-cased cores of 
Deltamax, Square Permalloy and 
Supermalloy, in 1, 2 and 4-mil 
tape. 3) Mo-Permalloy powder 
cores, both temperature-stabilized 
and unstabilized types, ranging 
down to “cheerio” sizes. 4) Iron 
powder toroids, threaded cores 
and insert cores. 

All four products are available 


Exo 


#i1®@ @XelererF 
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in a wide range of selection, for 
your convenience and economy in 
ordering either prototype design 
lots or regular production quan- 
tities. + Stock lists, bulletins, etc. 
are available—write for informa- 
tion. The Arnold Engineering 
Company, Marengo, IIl. 


20068 


ADDRESS DEPT. EM-12 


ARNOLD 


SPECIALISTS in MAGNETIC MATERIALS 


BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL 
CITIES © Find them FAST in the YELLOW PAGES 
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POWDER CORES 


7 
Be TORR tee nt 


6T TAPE CORES: 
SRP LVS 

aE em eR Me LL 

NU a ee 


»' 


SiR ae) 
C, E and 0 CORES 





Lowest Cost 

Rugged Construction 
sect Fele) oe ale atirel ies 
Taheciamerclercacr-lelic 


Wide Selection of 
7000 and 9000 Series Time Delays 


Wide Range of 6000 and 8000 Series 
Operating Voltages 


THOMAS A. 


EDISON 
MINIATURE TIME DELAY RELAYS 


FOR MISSILES 
AND JET AIRCRAFT 


Here’s an opportunity to lower costs and at the same time improve the performance of your electronic prod- 
ucts or equipment by using Edison Model 250 Miniature Time Delay Relays. An exceptionally rigid internal 
construction permits this relay to withstand vibration to 1500 cps for jet aircraft and missile applications 
while providing highly reliable performance. Since the operating structure of the relay is independent of the 
euter shell, damage or deformation of the latter does not affect the timing. The fast rate of contact closure 
insures positive contact operation under the most severe environmental conditions. ™ These permanently 
calibrated and hermetically sealed relays are available in a wide range of time delays and operating voltages to 
meet your particular application requirements. ™ Whether you need time delay relays for tube protection, 
gyro-erection or for other purposes, you will get better performance at lowest cost with Edison relays. Write 
for Bulletin 3046 showing timing ranges and operating performance or send your special requirements to: 


Thomas A. Edison Industries 


INSTRUMENT DIVISION 
40 LAKESIDE AVENUE, WEST ORANGE, N. J. 
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power supply cords 


Complex or simple, big or small, custom or stock . . . Royal’s engineer- 
ing and design facilities are able to develop a complete power supply 
cord, styled to help your product sell . . . dimensioned to speed your 
product assembly. In black or colors to match your product, and 
trade-marked or name branded for you (on orders of sufficient volume). 
In rubber, neoprene, vinyl or braided jackets, including water-resistant, 
ozone-resistant, and non-marking compounds — with molded-on caps, 
connectors, strain reliefs, special attachments — in fact, exactly to 
your specs in every detail. There’s a wide selection of cord ratings, sizes, 
constructions, from 2-conductors up . . . and a big toolroom of stock 
molds ready to cut or eliminate design time and tooling costs. Prompt 
deliveries, too. 

WRITE FOR ENGINEERING CATALOG No. 5-59 — OR ASK 
TO HAVE OUR REPRESENTATIVE CALL. 
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ROYAL ELECTRIC CORPORATION 
PAWTUCKET, RHODE ISLAND 
In California: Electric Cords & Supply Corp., 


413 East 3rd St., Los Angeles 13 


In Canada: Royal Electric Company (Quebec) Ltd., 
Pointe Claire, Quebec 
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MOTOROLA ZENER DIODES 


One big reason most zener diode users 
look first to Motorola is the depth of the 
Motorola line. The availability of over 2,000 
different types helps simplify circuit devel- 


opment... offers you the precise device for - 


your exact circuit requirement. This wide 
selection, however, is not the only reason 
Motorola zener diodes are the most popular 
in the industry. In addition Motorola offers: 

OUTSTANDING PERFORMANCE — including 
lower dynamic impedance, lower temperature 
coefficients and sharper knees. 

COMPLETE SPECIFICATIONS — a detailed 
description of the diode characteristics with 
temperatures and forward characteristics 
fully specified. 


ZENER DIODE-RECTIFIER 
APPLICATIONS HANDBOOK 


HIGHEST RELIABILITY — backed by the in- 
dustry’s most advanced Quality Control and 
Reliability programs. 

APPLICATIONS ASSISTANCE — a compre- 
hensive Zener Diode Applications Handbook 
and time-saving zener diode selection chart 
are available to assist you in circuit develop- 
ment projects. 

NATIONWIDE AVAILABILITY — through 26 
strategically located industrial electronic dis- 
tributors. 


So, when you need zener diodes, look first 
to Motorola. Contact your local Motorola Semi- 
conductor Distributor, today, for complete 
information. 


MOTOROLA ZENER DIODES 


14 WATT 
2.4 to 200 volts 


400 mw 
6.8 to 200 volts 


3%, WATT 
6.8 to 200 volts 


1 WATT 
6.8 to 200 volts 


1.5 WATT 
6.8 to 200 volts 


10 WATT 
6.8 to 200 volts 


e 50 


WATT 
6.8 to 200 volts 
TEMPERATURE 
COMPENSATED TYPES 
6.2V—8.4V—9.0V, 
9.3V—11.7V 


REVERSE 
POLARITY UNITS 
MATCHED SETS 


MOTOROLA 


Semiconductor Products Inc. 


published by Motorola is a valuable 185-page 


reference for circuit engineers. Only $2 from 


A SURSIDIARY OF MOTOROLA, INC. 


5005 EAST McDOWELL ROAD ¢ PHOENIX 8, ARIZONA 
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Coat for components 


Looking for a simple encapsulating 
idea? Here’s one that works well at heat- 
proofing, moistureproofing, and pre- 
venting shorts in small electrical com- 
ponents. It’s non-messy, too. 

Dunked in a paste coating, dried, 
then baked for a short time, compo- 
nents steadfastly resist extremes of heat 
and moisture that would otherwise raise 
havoc with their electrical reliability. 

Components so coated can be sol- 
dered into a circuit without causing the 
coating to melt or peel. It won’t soften, 
and easily passes a series of —55 to 
+ 85°C cycles. One thousand hours at 
a sweltering 150°C will turn the coating 
almost black but still won’t materially 
affect the component inside. 

The paste is made with Durez phe- 
nolic resin-and-filler compounds sup- 
plied in powder form. After baking, it is 
impervious to ketone solvent cements 
sometimes used in assembling radio and 
IV chassis. 

What can these dip-coating com- 
pounds do for you? We'd like to help 
you find out. Write for more detailed 
information. 


A matter of form 


Even in this enlightened day, there’s a 
certain no-man’s-land between the prac- 
tical engineering concept of functional 
form and the equally practical limita- 
tions on what can be produced by a row 
of machines in a factory. 

This part bridges the chasm, and 
very nicely. 

It is designed to straighten out and 
expedite the flow of air in a famous- 
make clothes dryer. This it does. As a 
consequence, thousands of housewives 
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PRODUCT-DESIGN BRIEFS 
FROM DUREZ 








¢ Dip-coating compounds 


e What to do about odd shapes 






the country over will have no lint re- 
moval problem on washday. 

Its shape, functionally logical, might 
have proved a manufacturing night- 
mare if production men had not risen 
to the challenge and called in a custom 
molder of thermosetting plastics. 

With a few minor compromises in 
the basic design, it was agreed that the 





part could be produced successfully us- 
ing a Durez general-purpose phenolic 
molding compound. Here you see the 
burr-free, trouble-free result. 

Are you contemplating a shape that 
is right for the job but that will raise 
eyebrows in the production depart- 
ment? Then perhaps it’s time to talk 
with your molder. Meanwhile, let us 
send you Bulletin D400 describing what 
can be done with Durez phenolic mold- 
ing compounds. Just check the coupon. 


© High-reliability insulation 





it's ultra-reliable 


Most phenolic molding compounds are 
good electrical insulators; but we can 
provide you with ready-to-mold mate- 
rials that are even better. 

If you’re serious about wanting su- 
perior electricals, and want them in an 
environment of high humidity, extreme 
temperature, vibration, or shock, then 
you'd be well advised to check the 
Durez family of diallyl phthalate mold- 
ing compounds. 

Just as a sampler, one of these ma- 
terials has a surface resistivity of 20 
million megohms, and insulation re- 
sistance of 1 million megohms—after 
30 days of 100% relative humidity at 
70°C. After 50 days in water at 50°C, 
it has a dissipation factor of only 
0.044. With these properties it com- 





bines excellent moldability and virtual 
freedom from cold flow and creep. 

Such a mix can look very good when 
a man is trying to cram a lot of electrical 
hardware into a small package. Often, 
Durez diallyl phthalate material lets 
you design slimmer sections and small- 
er molded parts. 

To get more information on these 
compounds, check the coupon. 


(ese Ee SAS LE Se Se a ene See ee Sp ea Sa Sees Sa —7 
| ‘ : ; ; 
| For more information on Durez materials mentioned above, check here: | 
| Data on phenolic resin compounds for dip-coating | 
| Phenolic molding compounds (8 page Bulletin D400) | 
| Diallyl phthalate molding compounds (data sheets ) | 
| “Durez Plastics News” (a review of current plastics applications, mailed 
| bimonthly) 
Check, clip and mail to us with your name, title, company address. 
| l 
| | 
| DUREZ | 
| PLASTICS DIVISION | 
| | 
| 1312 WALCK ROAD, NORTH TONAWANDA, N. Y. | 

Mae | 
| tit : 

5 oe 

HOOKER CHEMICAL CORPORATION me | 
| | 
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Maybe connectors were “hardware” 
twenty years ago. 

That's when the P-38 was the hot- 
test fighter plane we had. Pilots were 
proud when they could hit 300 MPH 
and go up to 50 or 60 thousand feet. 
With this kind of performance require- 
ment, most connectors worked without 
a hitch. You just connected them and 


forgot about them, like nuts and bolts. 


HOW TIMES HAVE CHANGED 

Now we're up around Mach 5 and 
altitude has been pushed into outer 
space. Nose cones light up like giant 
soldering irons and components have 
to operate in a near vacuum. 

Fortunately, Amphenol engineers 
saw that the old “hardware” concept 
was headed out the window. Programs 
coming up were going to need con- 
nectors that could put up with terrific 
environmental conditions of heat and 
altitude cycling. For example, at high 
temperatures most of the elastomers 
used as insert materials or connector 
seals either melt into a puddle, turn 
into a cinder, or set-up and lose com- 
pression. 

What's more, connectors now have 
to keep on functioning all the time, 
with no allowance for failure. So 
Amphenol designers went to work de- 
veloping a connector to meet the new 
space-age standards. 

DISSECTING MOLECULES 

The Amphenol Materials Lab, with 
the help of a shiny new infra-red 
photospectrometer, began dissecting 


elastomer molecules. They were able 


Hardware? 


to pinpoint the weak spots in molec- 
ular structure where breakdowns begin. 
Then they were able to plan and build 
new molecules, with built-in “armor 
to protect against failure. Result: an 
exclusive silicone rubber compound 
that maintains its integrity and elastic- 
ity under severe temperature extremes 
and also withstands exposure to vio- 
lent new propellants like hydrazine 


and nitrogen tetroxide. 


At the same time, Amphenol design 
engineers were hard at work perfect- 
ing metal-to-metal shouldering of mat- 
ing shells that allowed precision con- 
trol over compression of the sealing 
ring. In addition, the metal-to-metal 
design damped vibrational stress nine 
times more effectively than resilient 
damping. Finally, they incorporated a 
semi-rigid anti-deflection disc to control 
insert expansion under thermal stress. 

Having all the pieces, we put them 
together, called it the Amphenol 48 


Series, and started testing. In the vacu- 


Lib 


VOLTAGE AC 


High altitude air has low dielectric strength. 
By maintaining an air-tight seal 48 Series 
Connectors enjoy extremely high voltage 
safety factors. 


um chamber, 48 Series connectors 
operate very nicely at a simulated 
altitude of 500,000 feet. They are quite 
comfortable in the hot box at 200°C 
ambient, carrying full rated current. 
They don't even mind going up to 
600°C, if they don't have to stay too 
long. In short, Amphenol 48's can take 


almost anything you throw at them. 


PROJECTS WANTED 

Amphenol designers have _ estab- 
lished criteria for determining connec- 
tor time-temperature-current capability. 
This information will be especially val- 
uable to engineers presently engaged 
in “exotic” projects, perhaps the kind 
of project where previous connectors 
have failed to measure up to the new 
space-age standards. If this is the case, 
contact an Amphenol sales engineer. 
He's a “space-age hardware” expert. 
Or, write directly to Bob Dorrell, Vice 
President, Engineering, Amphenol 
Connector Division, 1830 South 54th 


Avenue, Chicago 50, Illinois. 


Cee ee a BE wee 


i 
LIMITS ARE BA 
ACT TEMPERATU 


AMBIENT TEMPERATURE 


ie UL Rea) 


While Amphenol 48 Series Connectors are 
nominally rated at 200° C, they can also 
withstand considerably higher short-time 
temperature exposures. 


Amphenol 48 Series Meets Mil Spec C 26500 (USAF). 


ast i  T 
gil) Connector Division / Amphenol-Borg Electronics Corporation 








NEW DEVELOPMENTS 


in Thermistors, Thyrite’ Varistors 
from G.E.-Edmore 


Close-tolerance Thyrite* Varistors 
are added in new .75" and 1.12" sizes 


Addition of .75” and 1.12” diameter Thy- 
rite Varistor disks now gives G.E.-Edmore 
the widest variety of commercially-avail- 
able Thyrite Varistors. Other sizes include 
25”, .50”, 1.0”, 2.0”, 3.0” and 6.0” dia- 
meters. The .75 size is rated at .75 watt 
maximum continuous DC power rating 
and covers a range of 15 to 150 volts DC. 
The 1.12” size is rated at 1.5 watts maxi- 
mum continuous DC power rating and 
covers a range of 30 to 300 volts DC. 

Standard voltage tolerances for the new 
disks are +20%. Closer tolerances are 
available on request. The new Thyrite 
Varistors are suitable for use in surge 


Write 
on the two new families of G.E.-Edmore Thyrite 
Varistors, thermistor probes, PTC thermistors, 
and Grade 4 thermistors. Our engineers will 
opportunity to work with 


for complete engineering dala and prices 


welcome thi you 
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suppression on relays, solenoids, small 
motors and generators and other inductive 
or transient producing devices. 


Meet limited space and 

intermediate power needs 
The two new families of disks are expected 
to fit many applications in which limited 
space and power requirements combined 
have caused problems. For instance, the 
1.12” disk is capable of doing the job that 
formerly required 10 or more .50” disks 
in parallel to meet power requirements. The 
new disks also can be combined into series 
and/or parallel networks, thus increasing 
the variety of potential applications. 


Positive temperature 
coefficient thermistor 


Thermistor disks, with a positive tempera- 
ture coefficient of 1.1% per degree C. at 
room temperature are now available in .2” 
to .4” diameters from G.E.-Edmore. 
Good stability with time and temperature 
make the new material suitable for trans- 
istor compensation and temperature sens- 
ing applications. 


Grade 4 thermistor 
material introduced 


A complete line of thermistors in Grade 4 
materials is now available from G.E.- 
Edmore. The new material has a resistivity 
10 times that of Grade | material and a 
temperature sensitivity approximately 
10% higher. Resistances range from | 
kilohm to 1 megohm. 

The new thermistors are available in rods 
with diameters from .05” to .17”, and as 
disks with .05” to 1.0” diameters. 


New thermistor probes 


Thermistor probes, utilizing Grade | 
through Grade 4 materials, are now avail- 
able from G.E.-Edmore in a resistance 
range of 50 to 100,000 ohms. 


Maximum temperature in standard units is 
150°C. Higher temperature units are avail- 
able on special request. 

Standard probe diameter is 4” with 4%” 
pipe thread mounting. Other configura- 
tions and dimensions may be adjusted to 
specific customer requirements. 


MAGNETIC MATERIALS SECTION 


GENERAL @@ ELECTRIC 


Edmore, Michigan 


MAGNETIC MATERIALS °* 
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a Story that’s hard to believe.. but true! 


A well-known manufacturer of appliances had without a shop using the most modern winding 
excessive trouble with the magnet wire he was _ techniques and without operators who take a real 
using to wind his motor armatures. In an effort pride in their work! Belden Nylclad Magnet Wire 
to cut down on rejections, he switched to Belden __ is ideal for motor stators and rotors, encapsulated 
Nylclad Magnet Wire. Result: Not a single rejec- control coils, relays, toroids, and random and 
tion out of a 30-day run of over 40,000 armatures. deep windings. Nylclad gives the best windability 
Such a record would not have been possible . . has the toughest film coating. 


a la | one wire source for everything 
ao ae 3 electrical and electronic 
eg. U.S. Pat. Off. 
WIREMAKER FOR INDUSTRY lead wire « power supply cords « cord sets « portable cordage « 


ee electronic wire « control cables « automotive replacement 
1-2-0 CHICAGO wire and cable « aircraft wire 
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Measuring ranges Compensator ranges 


0-16.1 millivolt 


0-16.1 millivolt 
0-80.5 millivolt 


O-1.1 millivolt 
0-5.5 millivolt 
0-1.1 or 0-5.5 millivolt 


Max. limits of error 


0.01 millivolt 
0.02 millivolt 
0.05 millivolt 


Rubicon Model 2745 portable po- 
tentiometer. Price: $425, F.O.B., 
Philadelphia. Write for Specifi- 
cation Sheet RS 2745a. 


This potentiometer has permanent accuracy* 


It’s possible to achieve impressively high potentiometer 
accuracy in one-shot tests under ideal laboratory condi- 
tions. And that is exactly how the advertised accuracies 
of some instruments are attained. 


Not so with Rubicon potentiometers. These are instru- 
ments you can count on for consistently stable, repro- 
ducible accuracy for their entire life. This accuracy is 
created by careful engineering and superb craftsmanship, 
not by premium-priced gimmicks. 


A case in point is our Model 2745 portable potentiometer, 
shown above. Its exceptionally narrow limits of error 
will apply every time you use the instrument . . . today 
and years from now. Incidentally, this is the only portable 


potentiometer that extends reference junction compensa- 
tion to the entire range of sub-zero measurements. It 
enables you to make a continuous series of measurements 
above and below the table reference temperature, 
without readjusting the compensator or reversing the 
leads. And its built-in Pointerlite galvanometer is sensi- 
tive enough to permit balancing to + 0.002 millivolt 
in circuits up to 15 ohms. 


This fine potentiometer and the entire Rubicon line of 
precision measuring instruments are available through 
Honeywell sales offices across the nation. MINNEAPOLIS- 
HONEYWELL, Ridge Avenue at 35th St., Philadelphia 


32, Pa. 
Honeywell 
Fits in. Couttol 


SINCE 1666 


HONEYWELL INTERNATIONAL Sales and Service offices in all principal cities of the world. Manufacturingin United States, United Kingdom, Canada, Netherlands,Germany, France, Japan. 
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of electromechanical and solid state 
switching for the aero/space industry. 
As a manufacturer of both electrome- 
chanical rotary switches and solid 
state devices which are used in a va- 
riety of programs, we asked our en- 
gineers to compare some of the factors 
to be weighed when selecting switches 
and to point out certain benefits of ro- 
tary switches. Their replies, summar- 
ized below, should be of value to the 
design engineer. 

COMPLEX CIRCUITRY A solid state 
device is often more practical when 
the job is relatively simple. For a com- 
plex switching function, a rotary 
switch may be preferred because of its 
ability to gang on a common shaft and 
master the whole job with a single 
component. Ganging of solid state de- 
vices, however, presents a delicate 
circuit balancing problem. 

SPEED Where extremely high speed 
switching is required, electromechan- 
ical switches are out of the competi- 
tion. Average speed of our rotary 
switches is about 30 steps per second, 
higher in some special cases. 
POWER DRAW Solid state devices 
normally have a lower control current 
draw, but this current, although quite 
small, is required continuously to 
maintain a load circuit. “A solenoid 
operated switch requires more current, 
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but it draws only for a 10 to 30 milli- 
second switching period. 

For example, our 22P-2T circuit se- 
lector or transfer switch is rated at 28 
volts, 3.6 amps. Computed energy 
drawn during the switching cycle is 
approximately 2.7 watt seconds. But, 
because of dynamic characteristics of 
solenoids, the actual energy consump- 
tion during a 30 millisecond step is 
about 1.9 watt seconds. (About as much 
energy as you need to run a pilot light 
for three seconds.) 

CONTROL & LOAD ISOLATION Load 
voltage on a rotary switch can be in- 
creased without increasing the control 
voltage. With solid state, if the load is 
increased, a greater continuous con- 
trol current is required. Rotary switch 
control and load circuits are complete- 
ly isolated. 

TEMPERATURE Our rotary switches 
operate from —55C to 80C, and some 
are designed for temperatures as high 
as 135C. Many solid state switches fail 
at about 70C, and as temperature 
varies, the circuit characteristics tend 
to be less stable without additional 
compensating circuitry. 
DEPENDABILITY Usually, solid state 
circuits are inter-dependent. A fault in 
one circuit can sometimes cause mal- 
functions in other parts of the system. 
Because parts and circuits of a rotary 
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switch are electrically isolated, second- 
ary failures are unlikely. 

CONTACT CHARACTERISTICS A ro- 
tary switch in closed position has an 
average resistance of only 10 milli- 
ohms; and a solid state switch, in a 
closed state has an extremely low sat- 
uration resistance. However, an “open” 
solid state switch cannot achieve the 
infinite resistance of an open mechan- 
ical switch. 

SWITCHING MEMORY The electrical 
position of a rotary switch is retained 
even though a major circuit failure may 
occur. A minor circuit failure in a solid 
state switch usually causes the switch 
to lose its electrical position. 

SPACE Where the switching is simple, 
solid state usually requires less space. 
However, when multiple or complex 
switching is required, the rotary type 
requires less space. 

There are other comparisons that 
might be made, but perhaps the above 
will aid to some degree in the evalua- 
tion of these two methods of switching. 
For more information on Ledex 
Rotary Switches that are built 
to meet space 
age demands, 
write or phone 
Ledex Inc., 123 
Webster Street, 

Dayton 1, Ohio. 





, big, basic families... 


IT4 TV8 VT20_ 
ny 3.5-4.75 aig 7.5- 10 amp | 20 amp 


@ Get immediate delivery from your distributor or 
the factory on 39 stock sizes and types: single 
transformers, tandems, with and without over- 
voltage, low voltage, single-phase, three-phase, 
cased, fixed es portable, 120V and 240V. 


@ Choose from many special features: tandems, 
drives, concentric controls, spe- 
s, shafts of all types, and job-matched 


5 S among others. 


@ Specify from innumerable possibilities in “‘cus- 
tom-engineered”’ combinations with unusual re- 
ciprocating motor drives, complex double-track 
arrangements, rheostats, toggle switches, and pre- 
cision switches. 


36V transformers in 5-, 12-, or 22-amp 


for your transistorized circuits. 


you'll find that Ohmite is a 
good slacs to Cae variable transformers. If 
you need a “special” . . . okay, just tell Ohmite. 
Need some engineering assistance? All right! What 
about quantity? Ohmite can handle big orders, 
medium, and small. The Ohmite VT line of vari- 
able transformers is broad and deep. So is the 
service. Find out by specifying “Ohmite” on your 
next requirement for variable transformers. 
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in fine variable 


transformers 
mee OM MITE 


R. F. Chokes Germanium Diodes Micromodules MANUFACTURING COMPANY 


Variable Transformers Tantalum Capacitors Tap Switches 3613 Howard Street, Skokie, Ilinois 


Rheostats Power Resistors Precision Resistors Relays 
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a ten-milliamp circuit breaker ? You have 

now. This Heinemann hydraulic-magnetic 

circuit breaker is rated at exactly 0.010 

amperes. We could just as easily have 

made its rating 0.5 or 1.7 amps or, for 

that matter, any integral or fractional current value you might spec, up to 100 
amps. A simple change in the winding of the solenoid overload coil would do 
the trick. * When you need precise overcurrent protection, even at very low 
current levels, think of the possibilities of the Heinemann breaker. It is tem- 
perature stable (no de-rating or trip-point juggling); it is available with any of 
several inverse time delays (or instantaneous-trip action); and it can be had in 
models ranging in size from subminiature on up. The Heinemann Engineering 


Guide, Bulletin 201, will give you detailed information. Write for a copy. 


HEINEMANN ELECTRIC COMPANY <2 101 BRUNSWICK PIKE, TRENTON 2, N.J. 


SA 2401 
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TEFLON* INSULATING MATERIALS—pressure 


sensitive and non-pressure sensitive tapes, spaghetti 
and large size flexible tubing, Hi-VPM film... 


for tough, temperature-stable Class H service. 


*Du Pont Trademark 


yay Vall 


NEW BRUNSWICK, NEW JERSEY + TAPES+ ELECTRICAL INSULATING MATERIALS*+ ADHESIVES 


SILICONE NEWS from Dow Corning 


(emer Seer rm tn 


Design for the future 


TV antenna 43 miles high 
for more school coverage 


Educators across the country are watching closely a new approach to TV 
classes which may reduce sharply the growing costs of education and 
relieve the teacher shortage problem. Video tape lectures will be trans- 
mitted from two DC-6’s converted by Westinghouse engineers into powerful 
aerial transmitting centers. From 23,000 feet, the airborne TV signals 
will have an effective range of 150 to 200 miles — up to 12 times the area 
coverage of the 60 to 70 mile range offered by ground based transmitters. 
What's more, each plane is equipped to transmit as many as six lectures 
simultaneously on each of two channels. 


To save weight, reduce bulk and assure reliability of this complex airborne 
telecast equipment, Dow Corning silicone insulation was specified on four 
major power supply components. 


<5 ER ye 
me 


Guideline tape made of Silastic®, the 
Dow Corning silicone rubber, protects 
windings in each of the three phases of the 
16-KV rectifier transformer rated at 35- 
KVA, 400-cps. 


Silastic, together with other silicone insula- 
ting components, was also used for the 
9-KVA, 3-phase buck-boost transformer 
and for the filter choke consisting of two 
units rated 0.5 henry at 3 amperes. 


Combined weight of these silicone insulated 
power supply units with their forced-air 
cooling ducts is 265 pounds. Westinghouse 
Air Arm engineers estimate that Class A 
insulated units of the same ratings would 
be more than twice as heavy. Bulk is also 
reduced substantially. 
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...with these silicones 


Silicone-glass laminates defy heat 


Bonded with heat stable Dow Corning silicone resin, glass 
laminates don’t lose their grip on terminals during 
soldering . . . permit designs that work copper and elec- 
trical steel harder for longer, more efficient equipment life. 
Widely used for terminal boards and coil forms in electrical 
and electronic devices — for coil dividers, slot wedges and 
top sticks in motors. Silicone-glass laminates offer high arc 
resistance, low loss factor, low moisture absorption . . . 
excellent mechanical and dielectric strength even after 
prolonged aging at 250 C. 
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Silicone compound seals out trouble 


Dow Corning 3 Compound is a ready-to-use grease-like 
silicone potting, filling and coating material that retains 
its initial physical properties, resists oxidation . . . has 
excellent dielectric properties. That’s why Elastimold 
Division of Elastic Stop Nut Corporation of America, 
Hackettstown, N. J., uses it to fill the molded rubber 
housings of their new underground and overhead cable 
connector kits. This compound fills all voids in the con- 
nector housing . . . prevents corona, excludes moisture and 


eases on the job assembly. 
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More KVA per pound with silicones 


Dry-type transformers are smaller in size, lighter in weight 
— and more reliable — when designed for a silicone insul- 
ation system. Reason: heat stable Dow Corning silicone 
varnish and silicone components assure designs that work 
conductors and electrical iron harder . . . more efficiently. 
That’s why designers at Acme Electric Corporation, Cuba, 
New York, combine the outstanding properties of a silicone 
insulation system with grain oriented silicon steel, alumi- 
num and copper conductors and a unique induced air 
cooling system in their wall mounted transformers designed 
for easy installation . . . long, trouble-free life. 
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Dow Corning Corporation, Midland, Michigan is your number one 
source for information and technical service on silicones. 
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Now, make your urea moldings come alive with an unmatched surface brilliance —without sacrificing quality or economy. 
Three new high gloss formulations make this possible: Beetle 650, designed for small parts such as closures and but- 
tons; Beetle 625, for closures, switch plates, wiring devices and small housings; Beetle 600, for large housings and 
other parts requiring extended flow. These new Beetle molding compounds cure faster, and they offer improved pre- 
forming qualities. And you still have all of these dependable Beetle properties: resistance to detergents, oils and 
grease; arc-resistance; track resistance; good dielectric strength; surface hardness; stain-resistance; wear-resistance; 
unlimited range of colors. Be among the first to take advantage of this bright new development. Write for complete 
information today. *BEETLE — registered trademark for Cyanamid’s urea-formaldehyde molding compound. 


AMERICAN CYANAMID COMPANY PLASTICS AND RESINS DIVISION 


* WALLINGFORD, CONNECTICUT. OFFICES IN: BOSTON «* CHARLOTTE * CHICAGO * CINCINNATI « CLEVELAND + DALLAS * DETROIT * LOS ANGELES® 
MINNEAPOLIS © NEW YORK « OAKLAND « PHILADELPHIA + ST. LOUIS * SEATTLE © IN CANADA: CYANAMID OF CANADA LIMITED, MONTREAL * TORONTO 
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THE NEWEST STARTER FROM GENERAL ELECTRIC 


...and what it means to you 


6 DISTINCT ADVANTAGES 
YOU CAN’T GET ELSEWHERE 


General Electric announces the development of 
new NEMA Size 5 magnetic starters and con- 
tactors—up to 65 percent smaller in open forms 
than previous designs. 


This addition to the G-E 100-Line Starter 
“family” means you can now get seven sizes that 
give you six distinct, measurable advantages you 
cannot get from any other single brand of motor 
control. They are: 


1. SMALLER $IZE—particularly in the more popu- 
lar forms (Sizes 0 and 1). On larger forms, 
reduced height (as much as 41 percent on Size 
5 units alone) saves critical panel space. See 
dimensions at left below. 


. EASE OF WIRING—all terminals are “out 
front,” visible and accessible. Wiring for all 
sizes is straight through (this can save up to 
$8 in wire alone for Size 5 installations where 
line leads come in top and out bottom). 


8 . SIMPLIFIED MAINTENANCE AND INSPECTION— 
ae 1 contacts can be inspected or coils changed in 
less than a minute on all sizes. No tools re- 
quired on Sizes 00 through 4; only a screw- 
driver on Size 5. 


. MORE MODIFICATION KiTS—industry’s most 
complete line lets you modify existing starters 
on-the-spot in minutes to meet special oper- 
ating conditions. Result: reduced change-over 
expense. All starter enclosures have cover 
knockouts for field-addition of push buttons, 
selector switches, and indicating lights. Other 
kits include auxiliary contacts, third overload. 
relay, fuse clips, and coils. 


. FIELD-PROVED DESIGN—well over 1,000,000 
NEW NEMA SIZE 5 STARTERS now added to G-E units are operating in the field today. Exhaus- 
100-Line feature extremely small size, plus all tive testing in laboratories and on customer 
100-Line benefits: Height—14%4"; Width—1)40” applications since the 1957 introduction is 
Area—167:4 sq in. your assurance of 100-Line dependability. 


A » 

N/2 6. “FAMILY” DESIGN BENEFITS—G.E.’s 100-Line 
offers all forms and sizes in the same basic 
design. You benefit from common installation 
procedures; common maintenance and inspec- 
tion techniques; reduced inventory; and such 
operating conveniences as adjustable overload 
relays for all sizes. Mounting dimensions for 
Sizes 00, 0, and 1 are identical; so are dimen- 
sions for Sizes 3 and 4. Common mounting 

a? 4 dimensions and wiring procedures save time 

"—e iw wee eee wie ae wwe Tie". Mo 13/16" and space during panel layout; also when 


W-5 3/32” W-5 3/32”. W-5 3/32”. W-6 1/4” W-8 3/4” W-8 3/4” changes occur in horsepower requirements or 
A-22.9 sqin. A-22.9sqin. A-22.9sqin. A-41.4sqin. A-81.4sqin. A-85.8 sq in. industry specifications. 


Meet all your control requirements—up through 

200 hp—with the uniform, field-proved 100-Line, 

available in all popular forms: Sizes 00, 0, 1, 2, 

Progress ls Our Most /mportant Product 3, 4, and 5 contactors and starters; plus combina- 
tion starters; reversing and two-speed controllers. 

Contact your G-E sales engineer or distributor, 


G FE N f R A L (Or e LE C T = | C or write Section 811-29, General Electric Com- 
\ J) pany, Schenectady 5, N. Y. 
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ANOTHER NEW 
HIGH-TEMPERATURE 
ELECTRICAL 
INSULATION 

FROM 

JOHNS -MANVILLE! 


Typical Data: 


Weight (1/32 0.3 Ibs./sq. ft. 
1/4 2.3 ibs./sq. ft. 
Specific Gravity 1.8 
Density 110 Ibs./cu. ft. 
Flexural Strength (min 
1/16” as received MD 40,000 psi 
CMD 25,000 psi 
1/16” after 1 hr. @155C MD 24,000 psi 
CMD 15,000 psi 
Tensile Strength (1/16” MD 30,000 psi 
CMD 15,000 psi 
Water Absorption 


1/8” after 24 hrs. 0.30% 
Bond Strength 

as received 1210 Ibs 

after 48 hrs. in distilled 

water @ 50C 1055 Ibs 
Standard Thicknesses 1/32”, 1/16”, 

1/8”, 1/4”, 1/2” 

Dielectric Strength 

Perpendicular 

1/16 350 vpm 

1/4” 200 vpm 
Dielectric Strength Parallel 

as received 29KV 

after 48 hrs. in distilled 

water @ 50 C 22KV 
Dielectric Constant 

D> 10° cps 4.0 
Dissipation Factor 

> 10° cps 0.10 
Arc Resistance 180 sec 


All tests conducted to NEMA and ASTM standards 





Announcing: 
Johns-Manville 


No. 880 


QUINTERRABORD 


-—a radically new asbestos-polyester 
laminate for applications to 50K V. 


Strong and rigid...easy to machine... 
for temperatures in the 155 C range! 


Here’s an unusually strong and dense—yet easily machined—electrical 
laminate that out-performs glass-polyester laminates after pro- 
longed exposure to high temperatures and extreme humidity. Under 
boiling water tests, No. 880 Quinterrabord shows very high retention 
of its original flexural strength of 40,000 psi. Thus you can count on 
the reliability of No. 880 Quinterrabord for a wide variety of motor 
and transformer applications, as well as for panelboards and printed 
circuit bases. 

No. 880 Quinterrabord is produced by combining highly purified 
asbestos paper and an exclusive polyester resin developed by J-M 
research. /t is far stronger dielectrically ... far stronger mechani- 
cally than any NEMA Grade A or AA laminate made. The advan- 
tages of No. 880 Quinterrabord include: 


@ MACHINES, STAMPS AND PUNCHES AS EASILY AS J-M ASBESTOS 
EBONY® with the lowest tool wear of all inorganic laminates. 

@ EXTREMELY LOW IN COST — usually less than two dollars a pound. 

@ HIGH DIELECTRIC STRENGTH does not change significantly, even 
after prolonged exposure to heat and humidity. 


@ HIGH MECHANICAL STRENGTH, including flexural, even after ex- 
posure to boiling water. 


@ UNUSUAL ARC RESISTANCE — higher than glass-polyesters. 
@ BODY STRUCTURE MAINTAINED even if fire destroys organics. 


Write, wire or phone now for complete technical data on J-M No. 880 
Quinterrabord. Johns-Manville, Box 359, New York 16, N. Y. 


JOH NS-MANVTLLE 


JOHNS-MANVILLE 3 


PRODUCTS 
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Mallory contact engineering 


Case in point: Moloney Electric Company 
Switchgear Division, St. Louis, Mo. 


Project: development of Moloney Electric 
Company’s contact assembly for their new 
metal-clad switchgear line . . . another in- 
stance where Mallory engineers worked 
closely with a leading electrical manufacturer 
to coordinate Mallory material application 
and Moloney contact design geometry to 
obtain an optimum contact assembly. 


Cooperative engineering by Mallory in selecting 
performance-tailored Elkonite® materials for 
main and arcing contacts, and Mallory 3 alloy 
for high strength backing members, combined 
with the Moloney contact design, resulted in 
rugged, minimum maintenance, maximum lon- 
gevity, low resistance contacts. 


At the KEMA Laboratories, Arnhem, Hol- 
land, Moloney metal-clad switchgear pro- 
duction units with these contact assemblies 
passed all tests on the first trial, with excep- 
tionally little contact pitting or erosion. 


ELECTRO-TECHNOLOGY 





Saves you time, trouble and dollars 


Result: the new switchgear line was ready for 


market months ahead of schedule . 


. fully 


tested, and with production of contact assem- 


blies expedited by Mallory. 
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You'll find that Mallory contact engineer- 
ing can save you trouble by assuring the 
best possible performance from electrical 
contacts . . . can save you money by re- 
ducing costs of materials and man-hours in 
assembly . . . can save you time by helping 
to get a new product to market ahead of 
schedule. Mallory is doing all these things 
for manufacturers of many kinds of prod- 
ucts that use electrical contacts, and is 
ready right now to go to work on any 
contact problem you have. 


Let our engineers take a look at the con- 
tacts you are using or planning to use. We 
may be able to suggest some valuable, 
money-saving improvements or help you 
make profitable use of Mallory contact ma- 
terials and automated production facilities. 


Mallory contact service gives you... 


Materials: choice of 147 different contact 
materials 


Engineering: experienced application assistance 


Manufacturing: complete, modern facilities for 
contact assembly production 


Our consultation service is available through 
Mallory offices across the country. For the 
address of your nearest office, write Mallory 
Metallurgical Company, P. O. Box 1582, 


Indianapolis 6, Indiana. 


a division of 


P.R. MALLORY & CO. Inc. 


MALLOR 





General Electric Makes 
Eddy-current-coupling Drives 


And they’re dependable drives. The complete line includes 
water-cooled and air-cooled eddy-current couplings. We 
call them A/WAJRor drives. Ratings are from 1 to 

150 horsepower, operating from standard a-c power. 


A General Electric AWWAJROL drive is not just another 
eddy-current coupling. For instance, in the water-cooled 
coupling, water control is packaged. You’ll see much less 
external piping. Furthermore, the coupling is protected from 
flooding—and the air gaps are dry, preventing corrosion. 


KINAJROL Couplings are compact, field proven and 
dependable. General Electric has had a good deal of 
experience in the engineering, manufacturing, and 
application of packaged adjustable-speed drives. And we 
know how important service is to a customer. 


KINAJROL —2 good product, with the kind of service 
you can depend on. Please call your nearest General 
Electric Sales Office for further details. 


*Trademark of General Electric Company 821-07 


AIR COOLED, 7-1/2 to 100 HP WATER COOLED, 25 to 150 HP AIR COOLED, 1 to 5 HP 


DIRECT CURRENT MOTOR AND GENERATOR DEPARTMENT 


GENERAL @@ ELECTRIC 


ERIE, PENNSYLVANIA 
Circle 146 on Inquiry Card Circle 147 on Inquiry Card > 
















oa ak 


TT , 


Huge electric shovels take one tremen- 
dous bite after another at the eastern Ohio 
mines of the Hanna Coal Company, a di- 
vision of Consolidation Coal Company. 
The swinging peak loads are extremely 
demanding on the shovels’ electrical sys- 
tem—there is no room here for short cuts 
on quality. 

“National” Brushes—small but vital com- 
ponents on such equipment-—offer proved 
commutation and life under these swing- 
ing peak load conditions. A real contribu- 
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CONSOL COAL'S ELECTRIC SHOVELS 
MOVE TREMENDOUS TONNAGES 
, BRUSHES 
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tion to sustained production with minimum 
maintenance. 

National Carbon Company offers a pos- 
itive service program to assist in solving 
any brush problems encountered today in 
all types of mining operations. To realize 
this assistance, just call your “National” 
Brush Man or write National Carbon 
Company, Division of Union Carbide 
Corporation, 270 Park Avenue, New York 
17, New York. In Canada: Union Carbide 
Canada Limited, Toronto. 


‘National’ and ‘‘Union Carbide”’ are registered trade-marks for products of 


NATIONAL CARBON COMPANY 








Contact your 
‘*National’’ Brush Man 
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REYNOLDS METALS COMPANY 


KEEPS ALUMINUM PRODUCTION ROLLING 
WITH AN ASSIST FROM RIJAT 


Reduction operations at the Corpus 
Christi Plant of Reynolds Metals Com- 
pany produce a steady flow of basic 
aluminum on a round-the-clock schedule. 
Every component in the power plant must 
provide exacting performance and rugged 
reliability to meet production schedules. 
“National” Brushes—used in the power 


generating section—are small but vital 
components that contribute to uninter- 
rupted d.c. power supply for the aluminum 


UNION 
CARBIDE 


ADE MARK 


pot lines. For many years these brushes 
have provided good commutation and life 
with minimum commutator maintenance. 
To National Carbon Company, im- 
proved electrical operations mean a pos- 


itive carbon brush service program. For. 


details, call your “National” Brush Man or 
write National Carbon Company, Division 
of Union Carbide Corporation, 270 Park 
Avenue, New York 17, N. Y. In Canada: 
Union Carbide Canada Limited, Toronto. 


‘‘National’’ and ‘‘Union Carbide’’ are registered trade-marks for products of 


NATIONAL CARBON COMPANY 


IONAL BRUSHES 


Contact your 
‘*National’’ Brush Man 
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basic GR: 24%” dia. 


NEW wouno'rieo MOTORS 


Small size and weight, wide design versatility, broad speed and 
torque ranges, instant reversibility . . . Globe’s wound fleld 
MIL spec motors can solve your requirement! Here are two 
cases in point: 

TYPE GR 2%” dia. frame size provides continuous duty 
outputs to 1/6 hp at 8,000 rpm. Weight: 2.0 Ib. Units can be 
wound for a.c./d.c. universal, split series, series, shunt, or 
split shunt, and can include an integral brake or governor, and 
a special gear reducer. Request Bulletin 114. 

TYPE GJ 134” dia. frame size provides continuous duty outputs 
to 1/50 hp at 10,000 rpm. Weight: 7.2 oz. Units are generally 
supplied split series, and complete packages can include a 
brake or governor, and a standard gear reducer with 101 
planetary ratios. Request Bulletin 113 from Globe Industries, 
Inc., 1784 Stanley Avenue, Dayton 4, Ohio. 


GLOBE 


een INDUSTRIES, 
INC. 


2215 


NEW FLAT GEARMOTORS 


most compact / most torque 


Globe Type VS d.c. gearmotors give up to 70 oz. in. torque 
(35 oz. in. continuous duty) in two packages, one with a frontal 
area as small as 0.4 sq. in.! Motor develops .0025 hp in the 
8,000 to 17,000 rpm range; many standard armatures, 3 to 
50 v.d.c. End mounted gearbox: 62 standard ratios from 7.88:1 
to 25,573.65:1. Side mounted gearbox: 27 standard ratios. Case 
hardened gears. Units designed to meet MIL specs. Bulletin 
VSG. Globe Industries, Inc., 1784 Stanley Avenue, Dayton 4, Ohio. 


GLOBE 
famel-i- INDUSTRIES, 
INC. 
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SS motor SS governed SS planetary 


FAMILY OF %¢” D.C. MOTORS 


Basic Type SS p.m. motor produces up to 0.3 oz. in. @ 10,000 
rpm continuous; 19 standard windings plus specials can meet 
your speed, torque, and power requirements. Size: 7%” dia. 
x 1%”; weight is 2 oz. Voltages 4 through 50 v.d.c. or more. 
MIL specs. Mechanically governed SS motors can regulate speed 
within 2%; electronic governors, within a few parts per million. 
Gear reducers further extend usefulness to 300 oz. in. torque; 
21 standard planetary ratios, 28 standard spur gear ratios. If 
you need a still smaller motor, ask about Type SD (34” dia.) or 
VT (5@” dia.). Request Bulletin SS from Globe Industries, Inc., 
1784 Stanley Avenue, Dayton 4, Ohio. 


GLOBE 
ween INDUSTRIES, 
INC. 


1%” MOTORS & GEARMOTORS 


1000 INCH POUNDS TORQUE 


Choose the exact speed-torque combination you need—up to 
1000 inch-pounds (500 inch-pounds continuous). Globe’s 142” 
pm d.c. motors alone or with planetary gearing, governor or 
brake give you 1/30 hp. continuous duty. With Globe 142” 
motors you don’t need to shop for a speed reducer—just name 
your speed and our application engineer will recommend the 
ratio (22 standard ratios) and armature winding (21 standard 
windings). Motors are for use with 4 to 115 v.d.c. Write for 
Bulletin BG. Globe Industries, Inc., 1784 Stanley Avenue, 
Dayton 4, Ohio. 


GLOBE 
GLOBE INDUSTRIES, 
INC. 
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Inventory Management Simulator program at... 


Clark Equipment...improves customer 


@ High-capacity memory. Two IBM 305 Data Processing Systems with RAMAC keep 
track of 75,000 replacement and repair parts in Clark’s Chicago parts warehouse. 
@ The computer has the facts. As soon as shipments arrive at the warehouse, an 
operator, using this remote inquiry station near the loading platform, finds out from 
the computers where various items go. §§ Customer service first. Using this remote 
inquiry station in the sales department, the operator gets information from the com- 
puter while the customer is on the phone. 


Clark Equipment Company has prepared a com- 
puter program called an Inventory Manage- 
ment Simulator. The program allows Clark 
management to study the possible effects of de- 
cisions on future customer service and future 
warehouse profitability. When management 
gets the computer’s report, it is in a position to 
make new rules for the operation of its parts 
warehouse. 

Here’s what’s happened since Clark put the 
new program into operation:...improved cus- 
tomer service... practically eliminated back- 
order problem ... reduced the putaway time 
for incoming material by more than 50 per cent 
... reduced emergency order shipping time by 
50 per cent... enabled a physical inventory to 
be taken without any interruption of service 
to customers. 
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service...with less inventory 


Availability highest ever. Inventory management 
is a complex job at Clark. Its Chicago ware- 
house is one of the busiest and largest in the 
country. Before the Simulator program was 
developed, the warehouse carried an inventory 
of 85,000 individual replacement and repair 
parts. Use of the program helped transfer the 
investment in inventory to those parts most 
frequently called for, giving high availability 
with less investment. 
Management Operating System.* Clark installed 
two IBM 305 Data Processing Systems with 
RAMAC: These computers store, update, and 
offer on an instant’s notice information on al- 
most every aspect of the warehouse operation 
including complete information on every one of 
the 75,000 items maintained in stock. 

Now, Clark is assured of maintaining just the 


right level of stock for each item. The procure- 
ment formulas, developed from the Inventory 
Management Simulator, even recommend how 
large a purchase order should be placed for 
each item and where it should be placed. 

If you have an inventory problem, why not 
consider a simulation program? You don’t have 
to have your own computer. We can supply you 
with an Inventory Management Simulator...you 
can rent time on a computer. Result...improve 
the profitability of your warehouse operation. 


*A Management Operating System uses IBM computers to 
make routine business decisions and take action automatically 
...flags problems that need management's special attention... 
frees management to concentrate on the big problems and on 
long range planning. As a result, it gives tighter control of all 
business operations...and helps cut costs. 
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 Aectonic Products NEWS 


by CARBORUNDUM® 


Critical Hermetic Sealing Problems Solved 
with metal-bonded CERAMIC-TO-METAL 
ASSEMBLIES and METAL-BONDED CERAMICS 


High reliability requirements to- 
gether with extremely rigid specifi- 
cations are regularly met with 
custom-made metal-bonded ceramic- 
to-metal assemblies and metal- 
bonded ceramics produced by Car- 
borundum’s Latrobe Plant. 


Typical of the more critical applica- 
tions are those involving space cap- 
sules and guided missiles, pressure 
vessels, canned nuclear pumps, ther- 
mopile lead-thrus, nuclear reactors, 
refrigeration and air conditioning 
units and housings for silicon and 
germanium rectifiers. 
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Operating ranges up to 500 C in air 
and 1050 C in a controlled atmos- 
phere are possible. With certain 
combinations of materials, installa- 
tion can be made with brazing alloys 
melting in the vicinity of 600 C. 


Helpful suggestions in solving a va- 
riety of difficult sealing problems 
are offered in our bulletin ‘“Metal- 
Bonded Ceramic-to-Metal Assem- 
blies and Metal-Bonded Ceramics.” 
For your copy, or for evaluation or 
quotations covering your particular 
application, write Dept. 
Latrobe Plant, Refractories Div., Car- 
borundum Co., Latrobe, Pa. 


ETC-121, 


331 BNR 
VARISTOR 


FLYBACK 
7 RANSFORMER 


F ye+ 


TOROIDAL 
YOKE 
VERTICAL 
COIL 
VERTICAL 
INPUT 


Flyback Transformer 
Voltage controlled 
by Carborundum 

Varistors 


Under some operating conditions 
such as high line voltage, the output 
from the flyback transformer in a 
TV vertical circuit can reach 2500 
volts. This far exceeds the voltage 
needed for normal operation and can 
puncture winding insulation, cause 
flashover at tube pins, and can dam- 
age other components. 


A simple solution is the installation 
of a Carborundum Type 331 BNR 
Varistor. The voltage-sensitive resis- 
tance characteristic of the Varistor 
holds the flyback output to a safe 
1500 volts. 


Data Sheet on the reduction of in- 
duced transients using Carborundum 
Varistors and Bulletin GR-2 giving 
characteristics will be sent on re- 
quest. Write Dept. ETV-121,Globar 
Plant, Refractories Div., Carborun- 
dum Co., Niagara Falls, N. Y. 
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“On Spec.” yields of semi-conductor com- 
ponents improved with BORON NITRIDE jigs 


Using graphite jigs, ‘on spec.” yields 
of semi-conductor components often 
drop as much as 40% within 50 
cycles. Manufacturers report drama- 
tic improvement in yields when 
Boron Nitride jigs are used. 


This material machines easily to 
close tolerances, resists chipping and 
retains internal jig details. It holds 


dimensions, has excellent release 
characteristics and is non-toxic. 


Contact with silicon, germanium, 
indium, antimony, lead and other 
metals has little effect in oxidizing 
or reducing atmospheres. For more 
information, write Dept. ETB-121, 
Latrobe Plant, Refractories Div., 


Carborundum Co., Latrobe, Pa. 
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For ceramic parts and metallized assemblies, Kovar alloy, ceramic resistors, varistors and thermistors . 
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An unusual combination of advantages found only 
in mercury-wetted relays has led many design engi- 
neers to specify them for tough switching jobs. Here 
are but 3 typical characteristics of our JM series: 


RELIABILITY. Sealed-in-glass mercury contacts are 
renewed with every operation. Won’t pit or weld. 
Make or break is positive . . .every time. No bounce, 
no chatter. Signals ranging from a few micro amps 
to 5 amps are switched with singular consistency. 


LONG LIFE. Think in terms of billions of operations 
when considering JM series relays. Proper applica- 
tion, of course, is a requisite. 


SPEED. Operate time is just less than 3 milliseconds 
using 2 watts of power. Release time is about 3.2 
milliseconds. Thus, relays can be driven 100 times 
per second. 

If your project calls for exceptional relay perform- 
ance, perhaps the answer lies in our JM Mercury- 
Wetted contact relay. 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY . 


tN CANADA: 


\ 
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Merete 
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IF YOUR RELAYS 
MUST 


SWITCH UP TO 
100 TIMES 


PER SECOND 


HAVE A LIFE 


IN EXCESS OF 


A BILLION 
CYCLES 


BE COMPLETELY 
RELIABLE 


AND FREE FROM 
CONTACT BOUNCE 


THEN SPECIFY » 


P.B 


MERCURY 
WETTED 


JM SERIES ENGINEERING DATA 


Contact Rating: 
5 amperes maximum 
500 volt maximum 
250 volt-amp max. with required contact protection. 


Contact Configuration: 
Each capsule SPDT. Combination of capsules in one 
enclosure can form DPDT, 3PDT, 4PDT. (All 
Form D.) 


Terminals: 
Plug-in or hook solder; 8, 11, 14, or 20-pin headers. 


More information? i 


Write today for free catalogue. : f 


Coil Resistance: 
2 to 58,000 ohms. 


~~ = 
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P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


POTTER & BRUMFIELD 


PRINCETON, INDIANA 


POTTER & BRUMFIELD, DIVISION OF AMF CANADA LIMITED, GUELPH, ONTARIQ 
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Control your speed 
with Century’s complete line 
of Selective Speed Drives 


We're often asked why Century 
offers six different basic types of se- 
lective speed drives. The answer is 
simple—what is ideal for one type 
of application may be completely 
unsuitable for another. No one, two, 
or three lines—no matter how com- 
plete each of them is—can match 
every application that requires easi- 
ly adjustable speed. That’s why 
aes offers the most complete 
lines available to industry. 


But with several separate and 
distinct lines, the choice of which 
type to use for a particular applica- 
tion sometimes appears complicated. 
To take some of the mystery out of 
controlled speed drive selection, 
we’ve described the six various 
types we manufacture below. See 
which one fits your needs best: 


Mechanical 
Selective 
@ Speed Drives 


S 


Type: 
Constant-torque variable horse- 
power 


Horsepower range: 
14 Hp to 30 Hp 


Speed ranges: 
2:1, 3:1, 4:1, 6:1, 6:1, 8:1 


The Century type MD Drive is 
simple, inexpensive and compact, 
and can be controlled either manu- 
ally or automatically. It utilizes a 
standard Century motor, a variable 
pitch belt drive transmission, and a 
gear reduction unit when low speeds 
are required. Other than standard 
squirrel cage, normal torque motors 
can be furnished where required. 


Type MD units incorporate a 
Century-designed cooling system 
that extends belt life and permits 
increased load factors. Drive and 
driven pulleys are constantly aligned 
to automatically correct belt tension. 
Design simplicity is such that modi- 
fications can easily be made in the 
field, such as changing from “hori- 
zontal’’ to “‘upright’’ mounting, 
moving the control to different posi- 
tions, or changing drive motors. 


The standard unit has an easy- 
operating handwheel with built-in 
indicator for speed control. Mechan- 
ical, electric remote and pneumatic 
control can also be easily adapted. 
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Typical mechanical drive appli- 
cations are packaging and labeling 
machines, conveyors, pumps, agita- 
tors, textile machines, plastic ex- 
truders, testing equipment, canning 
machines, printing presses, etc. 


Magnetic 
Coupling 
Selective 
Speed Drives 


pe: 
Constant- or variable-torque 
Horsepower: 
Constant-torque 1 through 500 Hp; 
variable-torque 1 through 1000 Hp 
Speed ranges: 
8:1 standard 

The type MC Century magnetic 
coupling drive consists basically of 
a squirrel-cage induction motor and 
a magnetic coupling connected to the 
output shaft. There is no mechanical 
connection between the driving and 
driven members of the unit; torque 
is transmitted by magnetic flux. 
Output speed is controlled by regu- 
lating the excitation to the magnet 
member of the clutch. 


Several reasons have contributed 
to the increasing use of magnetic 
coupling drives: 

1. They have a lower initial cost. 


2. All-electric, they are easy to 
maintain. Circuits can be under- 
stood and serviced by any com- 
petent plant electrician. 

. Space requirements for these 
drives are at a minimum. 

. Speed regulation is excellent, due 
to tachometer feedback control. 
Plus or minus 2% maximum 
speed regulation with load 
changes from 25% to 100% full 
load is standard. 
Constant-torque MC drives have 

several definite minimum operating 

speeds listed for continuous duty. 

With variable-torque units, there is 

no minimum operating speed due to 

nature of loading. Drives may be 
equipped to operate at inching or 
jogging speeds for setup purposes, or 
at very low speeds on an intermit- 
tent basis. Control may also be 
manual or automatic, as a function 
of temperature, pressure flow, or 
almost any other controlling factor. 

Three types of Century Magnetic 

Coupling Drives are built: 

Form A Drives are constructed 


with the AC drive motor and mag- 
netic coupling as an integral unit. 
They can be mounted with the drive 
shaft either horizontal or vertical. 
Typical uses for these units are for 
such constant-torque loads as con- 
veyors, slitters, printing presses, 
coaters, laminators, etc.; and vari- 
able-torque loads of centrifugal 
pumps, fans and compressors. 

Form B Drives have the AC drive 
motor and magnetic coupling as- 
sembled on a common bedplate and 
are furnished as a complete unit. Ap- 
plications of this unit for constant- 
torque or variable-torque loads are 
similar to the Form A unit. 

Form C Drives are furnished as 
separate units, with AC drive motor 
and magnetic coupling furnished as 
individual units for final coupling or 
belting by the customer to suit spe- 
cific job needs. 


Controlled 
Rectifier 
Selective 
Speed Drives 


Type output: 
Constant-torque 
Horsepower: 
Half-wave—1/12 to 1 Hp 
Full-wave—1/12 to 15 Hp 
Speed ranges: 

75:1 standard 


These units utilize silicon-con- 
trolled rectifiers with special pat- 
ented triggering circuits. They are 
completely static and eliminate use 
of electronic tubes. Each complete 
set consists of a packaged static type 
power unit; DC drive motor, and an 
operator’s station. Drive motors 
may be furnished with almost any 
mechanical modifications. 

Some of the outstanding advan- 
tages of controlled rectifier drives 
are these: 

1. No warm-up time is required be- 
fore starting up. 

. Tube flashover and arcing is 

eliminated. 

. There are no relays to service. 

. Speed regulation is close. 

. The improved wave-form factor 
resulting from the use of silicon 
rectifiers permits the use of a 
smaller drive motor than equiva. 
lent electronic drives. 
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6. Complete short circuit and over- 
load protection is provided. 

7. In many cases, mechanical mod- 
ifications are less expensive than 
with equivalent electronic drives. 


Typical applications of Century 
type CRF and CRH controlled rec- 
tifier drives include: blue print ma- 
chines, conveyors, printing presses, 
welding positioners, etc. 


Motor- 
Generator 
Set Selective 
Speed Drives 


Type output: 

Constant-torque, minimum to base 
speed; constant-horsepower above 
base speed. 


Horsepower range: 

1 through 500 Hp 

Speed ranges: 

Almost any required ranges avail- 
able. 

Century type MGE and MGM 
Motor-Generator Sets are packaged 
selective speed drives that provide 
all the versatility of direct current 
adjustable voltage systems. Advan- 
tages of these units include wide 
speed range for continuous opera- 
tion, exact speed control under any 
loading condition, and either single 
or multi-motor drives. 


Complete unit consists of a pack- 
aged-type power unit with power- 
conversion equipment and controls; 
a DC adjustable drive motor, and 
operator’s control station. Drive 
motors may be furnished in any de- 
sired enclosure or with almost any 
mechanical modifications. 


Typical applications for Century 
type MGE and MGM Motor- 
Generator Sets include: paper re- 
winders, paper slitters, steel slitters, 
tube mills, brick presses, plastic ex- 
truders, textile ranges, wallboard 
applications, etc. 


Electronic 
Type 
Selective 
Speed Drives 


Type output: 
Constant-torque 


Horsepower ranges: 
1/20 to 30 Hp 
Speed ranges: 

Up to 100:1 


Three types of Century Electronic 
Drives are available. Type TH is a 
half-wave rectifier unit, designed for 
lower horsepower ranges, 1/20 to 
34 Hp. Type TF, full-wave recti- 
fication, is intended for applications 
from 34 to 4 Hp. Type TA, also full- 
wave rectification, is built in sizes 
from 34 to 30 Hp. 

Type TH Electronic Drives pro- 
vide the following advantages in 
lower horsepower ranges: 


1. Wide speed range. (20:1 stand- 
ard, 50:1 available) 


2. Close speed regulation—+3% 
of base speed maximum. 


. Reasonable initial cost. 
. Simplified maintenance. 


. Stepless speed control over the 
unit’s entire range. 


6. Extremely smooth acceleration. 
7. Dynamic braking available. 
8. Operating speed can be preset. 


Typical applications for Type 
TH Electronic Drives include: pack- 
aging machinery, small printing 
presses, conveyors, machine tool 
feeds, trimming machines, etc. 

Type TF bridge-type adjustable 
voltage electronic drives provide 
operation over a wide sp range 
(8:1 standard; as high as 100:1 
available for light loads and inter- 
mittent duty) at the same time it 
furnishes close speed regulation 
(plus or minus 3% of base speed). 

Smooth acceleration is one of the 
important advantages of this equip- 
ment. This protects the connected 
machinery and work-in-process from 
shocks and damage due to rapid ac- 
celeration. Tube circuits are de- 
signed to “‘fail safe,’’ eliminating the 
danger of motor runaways in the 
event of failure. 


Typical uses for Type TF drives 
include: paper machines, machine 
tools, textile machines, small con- 
veyors, bagging machines, and other 
applications where good speed regu- 
lation over a wide range is important. 


Type TA Electronic Speed Drives 
are ideal for applications that re- 
quire extremely wide speed range 
with close speed regulation. Stand- 
ard factory adjustment is for a 50:1 
speed range. 100:1 may be furnished 
for special intermittent applications. 


Speed regulation can be set ‘“‘flat’’ 
for any speed and when this is done, 
regulation for any other speed will 
be within 2% of base speed, with 
80% load change, and within 1 to 
2% of base speed with line voltage 
fluctuation of plus or minus 10%. 

Since acceleration is under con- 
stant current, smooth start-up is in- 
herent in the drive. Starting current 


200% of full-load curre 


Dynamic braking is standard. Dy- 
namic slow-down and reversing can 
also be supplied as options. 


Type TA Drives find wide use 
driving machine tools, | processing 
equipment, conveyor lines, precision 
welding positioners, etc. 


may be easily adjusted fiom 50% to 


Magpetic 
Amphfier 
Selective 
Speed Drives 


Type output: 
Constant-torque 


Horsepower range: 
1 through 200 Hp 


Speed range: 
8:1 

Century Type SA Magnetic Am- 
plifier drives replace electron tubes 
and circuits with power magnetic 
amplifiers and static silicon rectifiers 
for trouble-free and maintenance- 
free operation. The unit is packaged 
and completely prewired. 

Some of the important advantages 
of these units are as follows: 


1. 5% speed regulation from 20% 
to 100% load. 


2. Complete overload and rectifier 
protection. 


3. Timed acceleration (2-30 Hp) 
and current limit acceleration 
(40-200 Hp) prevents electrical 
or mechanical overloads when 
changing speeds. 

These drives are highly useful in 
applications where speed regulation 
is not extremely critical, such as: 
printers slotters, printing presses, 
plastic extruders, etc. 


In a host of industries, Century 
Selective Speed Drives have im- 
proved quality, increased produc- 
tion, reduced scrap and waste, low- 
ered maintenance costs, made pro- 
duction schedules more flexible, cut 
downtime and unit costs, or created 
other benefits. And there’s a good 
chance that they can improve your 
product or process. 


Want to know more? Century has 
prepared a new 246-page Controlled 
Speed Catalog with specifications, 
prices, modifications and dimensions 
on all six basic types of Century 
Selective Speed Drives. We’ll send 
you a copy if you'll request it on 
your letterhead. Or call your nearby 
Century Sales Engineer for recom- 
mendations on the drive that’s just 
right for your job. 61-1 
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HYREL® ST Capacitors, developed and qualified 


for use in the Minuteman Missile, are 
NOW available to you in ALL RATINGS! 


@ Quality 100 times greater than that of 
former high-reliability components! That’s the 
ultra-high-reliability now demanded of 
electronic parts in the Minuteman missile’s 
intricate guidance and control system. 


® An unmatched test history of over 
111 million unit-hours backs up the design of 
HYREL ST Capacitors to withstand the 
rigorous performance requirements specified 
for Minuteman components. 


@ The pioneer in solid tantalum capacitors, 
Sprague is one of 12 nationally-known 
manufacturers chosen to participate in the 


Air Force’s Minuteman Component Develop- 
ment Program of Autonetics, a division of 
North American Aviation, Inc. 


@ All of the special processes and quality con- 


trol procedures that make HYREL ST Capaci- 
tors the most reliable in the world can now 
help you in your military electronic circuitry. 
A tantalum capacitor engineer will be glad to 
discuss the application of these capacitors to 
your missile and space projects. Write to Mr. 
C. G. Killen, Vice-president, Industrial and 
Military Sales, Sprague Electric Company, 
307 Marshall St., North Adams, Mass. 


SPRAGUE COMPONENTS 


a Tae 


THE MARK OF RELIABILITY 


CAPACITORS 

RESISTORS 

MAGNETIC COMPONENTS 
TRANSISTORS 


INTERFERENCE FILTERS 
PULSE TRANSFORMERS 
PIEZOELECTRIC CERAMICS 
PULSE-FORMING NETWORKS 


HIGH TEMPERATURE MAGNET WIRE 
CERAMIC-BASE PRINTED NETWORKS 
PACKAGED COMPONENT ASSEMBLIES 
FUNCTIONAL DIGITAL CIRCUITS ‘ 
‘Sprague’ and ‘@ are registered trademarks of the Sprague Electric Co 
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Short-cuts to Confusion— 


“The Crisis in Technical/Scientific Communication—and what we 
can do about it,” is not only the theme of the national conference 
held in September by the IRE Professional Group on Engineering 
Writing and Speech, but is also a clear statement of an overriding 
challenge. But, as in all crises, remedies of dubious value are 
rampant, shibboleths are proclaimed, pat formulae are offered. 

One of the most common fallacies perpetrated by these means is 
that the effectiveness of communication is necessarily equated with 
a facile brevity. This is a viewpoint originally promoted by pro- 
fessional “writing experts” specializing in word and character count, 
in the staccato sentence, in the prefabricated style. Addiction to this 
viewpoint by equipment and systems engineers is unfortunate. 
Brevity may lead to sterility and superficiality; concision to skimpi- 
ness and inadequacy. Engineering facts and figures without inter- 
pretation of their significance, without precise guidelines to their 
proper design use, without documentation of related problem areas 
may look appealing to the engineer in a hurry, but they may also 
lead him into a short-cut to design confusion. 

Communication is a two-way street. This has been said time and 
time again. But perhaps the process of communication can best be 
described as a two-way responsibility. This is particularly true in the 
area of technical/scientific information. Not only is there a respon- 
sibility on the part of the communicator to transmit information char- 
acterized by validity, usefulness, completeness and integrity; but 
the recipient of this communication must also be willing to seek 
out and make use of all the information that bears on his problem. 
This attitude is particularly essential when the information is 
derived from a discipline other than that of the recipient of the in- 
formation. Indeed, the interdisciplinary concept (cf “Interdisciplin- 
ary Engineering—Today and Tomorrow,” July 1961 issue, p 65) 
is most effectively implemented by this awareness of and readiness 
to receive information (from any cogent source) that is fully rounded 
and documented. 

The mounting concern of the technical and scientific community 
with the constantly increasing flood of information will not be sub- 
dued by imposing arbitrary criteria of brevity and conciseness alone. 
On the contrary, the solution of the problem will most likely lie in 
the direction of emphasis on disciplined thoroughness and detail. 
The engineer must resist the easy and glib approach to the so-called 
“bare and unadorned” fact. 

The editorial content of ELEcTRO-TECHNOLOGY from month to 
month gives evidence, we believe, of this disciplined approach to 
the responsibilities of technical/scientific communication. 


Zab fou 


Special Features Editor 





Techniques of 


Analog Simulation 


In recent years the electronic differential 
analyzer, or electronic analog computer, has 
grown from being a laboratory curiosity to a 
highly accurate, reliable, and necessary en- 
gineering tool. A concise review of the 
theory, and practice involved in analog simu- 
lation is presented here to give the general 
reader a better insight into analog processes 
as well as to provide a guide for further 


study. 


A. W. LANGILL, JR. 
AeEROJET-GENERAL CORPORATION 
Sacramento, California 


THE BASIC BUILDING BLOCKS of a large-scale analog com- 
puter are: amplifiers, potentiometers, multipliers, re- 
solvers, diodes, relays and arbitrary function generators. 
Their use permits the simulation of practically any 
system whose operation can be expressed by ordinary 
differential equations. 

The most important of these components is the drift- 
stabilized d-c amplifier, which is represented by the 
symbol in Fig. 1. Such an amplifier is characterized by 


Cour =A Cin 


A =-(50-300 x 10®) 


Fig. 1— Schematic representation of high-gain d-c amplifier. 


Fig. 2— Operational amplifier with input and feedback im- 
pedances. 
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a high gain (between 50 and 300 X 10°) over the fre- 
quency range of interest, high input impedance and a 
phase shift of 180 deg. Because of the high value of 
input impedance, the amplifier can be assumed to draw 
no grid current, while the high gain maintains the grid 
at slightly above ground potential for all finite output 
voltages. 

Input and feedback impedances, Z; and Z;, respectively, 
can now be introduced to transform the amplifier of Fig. 
1 into the normal operational amplifier of Fig. 2. Under 
the constraint that no grid current flows (i, = 0), a 
Kirchhoff current summation leads to the following 
equation: 


Cout = (—Z;/Ziein 


The same basic approach can be applied to an operational 
amplifier with multiple input signals and arbitrary input 
impedances as shown in Fig. 3. If all the impedances 
shown in Fig. 3 are resistive, the summing amplifier of 
Fig. 4 is formed. This arrangement allows for the simul- 
taneous addition, amplification and inversion of a large 
number of independent input voltages. 

In any standard analog computer, summing amplifiers 
are available with the input and feedback resistances 
permanently wired into the system. The feedback resistor 
is usually 1 megohm, while the input resistors can be of 
any reasonable values. Connections to the operational 
amplifier are made through a patchboard as shown in 
Fig. 5. In this case, a direct connection to the amplifier 
grid is also provided. The normal summing amplifier, 
as employed throughout the remainder of this discussion, 
will be assumed to have input resistances of 1 megohm, 
200 k and 100 k, providing voltage gains of 1, 5 and 10, 
respectively, as shown in Fig. 5. The numbers associated 
with each fixed input lead represent the corresponding 
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voltage gain and are the reciprocals of the input resistor 
values expressed in megohms. 

If the feedback resistor in Fig. 4 is replaced by a 
capacitor (usually 1 pf), the amplifier becomes an 
integrator. This arrangement provides for signal inver- 
sion, amplification, addition and integration with respect 
to time. The symbol for the integrator is shown in Fig. 6. 
The connection on the patchboard labeled “IC.” in 
Fig. 6 is for the insertion of an initial condition and 
will be discussed later. 

For the process of multiplication by a constant in 
analog computers, a grounded potentiometer is used. 
The conventional potentiometer shown in Fig. 7(a) has 
high resolution and good linearity and a total resistance 


2 


Fig. 3 — Operational amplifier with multiple inputs. 


Fig. 4— Summing amplifier with all impedances replaced by 
resistances. 


Patchboard 


Fig. 5 — Operational amplifier for analog computer use, show- 
ing connections to patchboard. 
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of from 5 to 100 k. A constant attenuation is achieved 
for all input-voltage levels by virtue of the voltage- 
divider action between the high (or signal) end and the 
low (or ground) end. Thus, in the absence of loading 
effects, the arm senses a voltage, 


_f % b 
Carm = Ri a Ru high 


The schematic representation of the grounded potentio- 
meter is shown in Fig. 7(b). 

The problem of potentiometer loading is one which 
usually receives special attention in all standard analog 
computing texts. To illustrate, assume that the potentio- 
meter arm of Fig. 2(a) is connected through a gain of 


Potchboard 


Fig. 6— Analog integrating amplifier with connection for in- 
serting initial conditions. 


Fig. 7— (a) Simple grounded potentiometer. (b) Schematic 
representation of potentiometer for analog computer. (c) Po- 
tentiometer with load. (d) Circuit diagram for loaded potenti- 
ometer. 
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Fig. 8 — Functional diagram (a) and schematic representation 
(b) of an analog servo-multiplier. 


Z(fisin@ -Z(f)cos 8 


Fig. 9 — Resolver for generating sine and cosine functions. 


10 to a followup summing amplifier as shown in Fig. 
7(c). Again considering the amplifier grid to be at 
ground potential, the system-equivaient network is as 
shown in Fig. 7(d). It can be shown that the voltage 
at the arm of the potentiometer is 


100Rz 
100 + Rr 


100R,, 
4+ 00 + Ri 


Chigh 


R 


. Comparing the loaded and unloaded outputs, it is ob- 
served that an error equal to 


100Rz 
Ri 100 + Rr 
Ri+Rz 100Rz 
| Ra + 00 + Ri 


Chigh 


has been generated. Although loading errors may be of 
academic concern, the problem is easily obviated through 
the use of the standard computer potentiometer-setting 
technique. Potentiometers are adjusted to the correct 
values during a “balanced” mode of computer operation, 
in which all amplifier grids are effectively grounded. To 
set a particular potentiometer, the input signal is replaced 
with an accurately regulated 100-volt power supply and 
the voltage on the arm is measured on a direct-reading 
digital voltmeter. Should the required value be 0.5000, 
the arm is adjusted until 50.00 volts appears on the 
voltmeter. 

The multiplication of two voltages can be accomplished 
in a variety of ways. The most common and accurate 
method, however, uses the servo-multiplier technique 
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shown in Fig. 8. The multiplier consists of a servomotor, 
M: a summing amplifier, G; a grounded center-tap, 
follow-up potentiometer, FU; and one or more multiply- 
ing potentiometers (sometimes called “cups”), A, B, etc. 
Rate feedback from a tachometer is included to prevent 
excessive servo hunting. The servomotor output shaft is 
connected mechanically to the follow-up potentiometer 
arm and, in addition, to the arms of the multiplying 
potentiometers. An input signal, v(t), applied to the 
amplifier, creates an error voltage which energizes the 
motor to drive the follow-up potentiometer arm to a new 
position. A potential is fed back to the summing amplifier 
which is opposite in polarity to the input signal. The 
motor continues to run until the two signals are equal 
and the error signal is reduced to zero. 

Conventionally, a positive input signal will position 
the follow-up potentiometer arm between the center tap 
and the high side. Conversely, a negative input causes 
the motor to drive toward the low end of the potentio- 
meter. If a second variable voltage, y(t), is applied to 
the high and low ends of one of the multiplying poten- 
tiometers, the potential on the arm of that potentiometer 
is proportional to the product of v(t) and y(t). 

An attenuation factor of 1/100 appears in this form 
of multiplier since, if both v(t) and y(t) are 100 volts, 
the output is 100 volts. In addition, a true four-quadrant 
multiplication has been generated. The sign of the output 
is determined as follows: if the input signal is positive 
and a positive y(t) is applied to the high side of the 
multiplying cup, the output is positive. Reversing the 
polarity of either v(t) or y(t) reverses the sign of the 
product. Finally, if v(t) is negative and a negative y(t) 
is applied to the high end of the multiplying cup, the 
product is again positive. 

To avoid significant computational error, each mul- 
tiplying potentiometer and the follow-up potentiometer 
must have identical loads. The requirement is satisfied 
quite easily, however, by using an isolation amplifier in 
conjunction with each multiplying potentiometer and 
providing an external resistance of the appropriate value 
between the follow-up potentiometer’s arm and ground. 

The resolver is similiar in operation to the servo- 
multiplier except that specially wound potentiometers or 
“cards” replace some or all of the multiplying poten- 
tiometers. Figure 9 shows two resolvers. If the input 
signal, 6(t), is scaled to 6/2 (see the later section per- 
taining to “scaling”’), the card outputs are trigonometric 
functions of 6(t) as shown in the figure. 


Fig. 10 — Conventional high-speed analog relay. 
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Diodes of either the thermionic or semiconductor type 
are used extensively to generate many specific discon- 
tinuous, non-linear functions. Typical non-linearities such 
as hysteresis, dead-bands, saturation, etc., can be simu- 
lated.* 

Normal high-speed computer relays are of the double- 
pole, double-throw type and are used in automatic func- 
tion switching. Since internal voltage limiting is usually 
included (to prevent amplifier overload while maintain- 
ing the correct switching level), the relay is driven di- 
rectly from the output of a high-gain amplifier as shown 
in Fig. 10. Because of the high amplifier gain, a very 
sensitive switching level is obtained. 

The arbitrary non-linear function shown in Fig. 11 (a) 
can be approximated either with a biased diode network 
or with a technique involving tapped potentiometers. 
With respect to the latter, certain multiplying potenti- 
ometers are equipped with a large number of tap points 
which essentially divide the total resistance into equal 
segments. By applying Ohm’s Law, appropriate “pad- 
ding” resistors can be chosen so that, as the arm travels 
from one end to the other, the desired non-linear func- 
tion is generated. To illustrate, let us assume that the 
potentiometer in Fig. 11(b) is available to generate the 
function in Fig. 6(a). Without padding resistors and 
with the high and low ends of the potentiometer at +100 
volts and ground, respectively, a linear output is pro- 
duced. 

One now determines the area of maximum slope which, 
for this application, occurs between taps 5 and 6. As- 
suming a total potentiometer resistance of 50 k, each 
segment contains 10,000 ohms. Since the required drop 
between points 5 and 6 is 40 volts, the resulting current 
is evidently 4 ma. To determine the necessary padding 
between points 4 and 5, the total required resistance value 
is first calculated. For a 4-ma current to generate the 
required 24-volt drop, a resistance of 6000 ohms is re- 
quired. Once the total resistance is known, the padding 
resistance is computed from the equation 


1/Reota - 1/Reegment +1 /Roaa 


A calculation of this type is carried out for each seg- 
ment, resulting in the approximation of Fig. 11(c). With 
a sufficient number of tap points (15 to 25), accuracies 
of better than 0.1 per cent can often be realized. Non- 
monotonic functions (functions with maxima or minima) 
are obtained by introducing voltage inputs at the tap 
points corresponding to the appropriate maximum or 
minimum conditions. 


Other Function-Generation Techniques 


Two non-linear and time-varying function-generation 
methods, involving a combination of the components al- 
ready discussed, are widely used and deserve mention. 
The first, an implicit-function technique, is based on the 
ability of the high-gain amplifier to maintain the re- 
lationship 


> input voltage = 0 (1) 


This equation is valid for unsaturated-amplifier opera- 
tion, that is, for outputs within the range +100 volts. 
To demonstrate the approach, consider the division 


® “Accurate Simulation of Nine Common Non-Linearities,"" A. W. Langill, Electronic 
Design, June 21, 1961. 
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Fig. 11 — (a) Arbitrary non-linear function. (b) Normal linear 
multiplying potentiometer and its transfer function. (c) Po- 
tentiometer padded to generate non-linear functions by a 
straight-line approximation. 


Fig. 12 — Circuit for achieving division of two variables. 


operation indicated by the following: 
z(t) = 100[zr(6)/y()) 
Rearranging, 


z(t)y( 
—2z(t) + “00 ad 

Equation (3) is mechanized in Fig. 12. The high-gain 
amplifier automatically and instantaneously adjusts the 
voltage at z(t) to satisfy the equation. It is observed, 
however, that a small capacitor (typically 0.005 pf) has 
been placed in the high-gain amplifier feedback. The 
amplifier has thus been transformed into an integrator 
which, although introducing a spurious system lag, 
markedly improves the circuit noise characteristics. Note 
that the system is unstable for y(t) 0. This condi- 
tional stability is characteristic of the approach. 

The second method, used primarily in the generation 
of time-varying linear functions, is that of successive 
differentiation. The required function is analytically dif- 
ferentiated until, at some point, a direct correspondence 
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Fig. 13 — Computer mechanization for generating the function 
y = sinh ot. 


Fig. 14— Mechanization of Eq (10). 


exists between the original function and the appropriate 
derivative. As an example, consider the equation 


y = sinh of (4) 
Differentiating with respect to time, 
y = w cosh wl 
y = # sinh wf (6) 
Comparing Eqs (4) and (6), 
w*y (7) 


Equation (7) is mechanized in Fig. 13. Assume that 
the quantity y/w* is available. Multiplying by w (poten- 
tiometer P-1) and integrating (I-1) forms the function 
—y/w. From Eq (5), however, —y/o is equal to —cosh 
wt. It is now necessary to introduce an initial condition 
into the integrator. This is cosh (0). The actual introduc- 
tion of the quantity is made by means of relay switching, 
which places a voltage across the feedback capacitor 
before computation begins. The output of I-1 is now 
multiplied again by @ and integrated again in I-2 to ob 
tain the original function y = sinh of. 

It is interesting to note that the method of successive 
differentiation is useful because, in the final analysis, a 
differential equation is solved through computer integra- 
tion. The process of computer differentiation is avoided 
whenever possible. Whereas integration is an averaging 
or smoothing operation, differentiation produces an am- 
plification of any slight irregularities contained in the 
signal. Since noise is always present to some degree, pure 


Fig. 15 — Complete mechanization of Eq (8). 
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computer differentiation invariably leads to difficulties. 
To insure that only integration will be required, the 
differential equation is’ solved for the highest-order de- 
rivative. This “unknown” is then expressed in terms 
of lower-order derivatives, which are obtained through 
integration. This technique was employed in the example 
just described and will become more apparent in the 
discussion which follows. 


Computer Scaling 


An adequate insight into both amplitude- and time- 
scaling procedures is essential to an understanding of 
basic analog programming. In any physical system, many 
different dependent variables can exist, such as tempera- 
ture, pressure, velocity, force, etc. In the analog simula- 
tion, only one dependent variable—voltage—is possible. 
Thus, a conversion from the physical variable to the 
machine variable is necessary. The amplitude scale factor 
specifies the number of machine units (volts) which are 
analogous to one physical-system unit (degree, psi, ft 
per sec, etc.) at each position within the mechanization. 

Before scale factors can be intelligently assigned, maxi- 
mum variable values must be determined. The scale fac- 
tors are then defined so that the corresponding maximum 
machine variables are less than or equal to 100 volts. 
For example, if a particular system velocity will never 
exceed 5 ft/sec, a scale factor of 20 volts/ft/sec would 
be employed. Potentiometers must also be scaled so that 
the actual settings are less than units. To illustrate, con- 
sider the following linear differential equation with cons- 
tant coefficients: 


‘z+ 42% + 1652 + 32007 = 10 (8) 
Solving for the highest-order derivative, 
‘x = 10 — 42% — 165% — 3200z (9) 


Integrating from t = 0 to t = t, 


t 
i= f (10 — 42% — 165% — 3200r)dt 
0 


Assume the following maximum variable values: 


Emax = 20 ft/sec? 
Tenax = 2 ft/sec 
Imax = 0.1 ft 
The following amplitude scale factors are indicated: 
52 (volts/ft /sec?) 
50z (volts/ft/sec) 
1000z (volts /ft) 


Assuming that the quantities —42%, —165% and —3200x 
are available, the analog circuit for Eq (10) can be con- 
structed as shown in Fig. 14. Equation (10) states that, 
if the functions are summed and integrated, the result 
will be +X. Note that the output in Fig. 14 is actually 
—xX due to the inversion in the integrator. 

Since it had previously been decided that 5 volts 
would be made analogous to 1 ft/sec*, the circuit in Fig. 
14 must be modified to generate —5x. This is accom- 
plished by multiplying the inputs by 5. Once —5i has 
been formed, the remaining system variables, 50% and 
—1000x, are obtained through integration. The final 
system diagram is shown in Fig. 15. Notice that the co- 
efficients in Eq (8), 42, 165 and 3200, have been divided 
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by the arbitrary constants 50, 200 and 4000, so that the 
corresponding potentiometer settings are less than unity. 
This forced signal attentuation results in the large gains 
associated with integrator I-1. The high gains which 
appear throughout the simulation indicate that a time- 
scale change should be made. 

Whereas amplitude scale factors represent a corres- 
pondence between machine and system-dependent vari- 
able, the time scale indicates a particular relationship be- 
tween the machine and the system-independent variable 
—time. A convenient and flexible method of time scaling 
is based on the “fictitious integrator gain,” which can 
be described as follows. Consider three integrators as 
shown in Fig. 16. Assume that each integrator has a 
fictitious gain as shown within the rectangular portions 
of the diagrams. The integrators are amplitude scaled in 
accordance with the fictitious gain chosen. 

In determining the correct amplitude scale for the 
integrators, the fictitious gain is multiplied by the true 
or physical gain to form an overall component gain. Thus, 
the gain of the integrator in Fig. 16(a) is 10, although 
the physical gain is only one. An input velocity —x, 
after integration, is transformed into a displacement of 
10x due to the fictitious gain. If a 1-volt step (equivalent 
to a velocity of 1 ft/sec) is applied for a total of 10 sec, 
the resulting integrator outputs for all three would of 
course be 10 volts. Because of the differing output-scale 
factors, however, this 10 volts represents physical-system 
displacements of 1, 10 and 100 ft for integrators I-1, 
I-2 and I-3, respectively. For integrator I-1, 1 ft/sec inte- 
grated over 10 sec in “computer time” produces a 1-ft 
displacement. Thus, a 10-to-] time scale has been in- 
troduced so that 1 sec of physical-system time is equiva- 
lent to 10 sec of computer time. Integrator I-2 is operat- 
ing in real time, while I-3 yields a 1-to-10 time scale. 

Returning to the mechanization of Fig. 15, it will 
be observed that a 10-to-] time scale can be advantage- 
ously employed. Each integrator is assigned a fictitious 
gain of 10. The products of real and fictitious gains are 
shown in Fig. 17 and are identical to the real gains em- 
ployed in Fig. 15, so that potentiometer settings (with 
the exception of the input potentiometer) remain fixed. 
Each second of computer operation now represents only 
0.1 sec of physical-system operation. 

Although elaborate schemes are often presented for 
determining the appropriate time scale, one simple uni- 
versal rule-of-thumb suffices. If the majority of the true 
system gains is between 1 and 5, the correct time scale 
is being used. If gains are found to be predominantly 
above or below this range, a time-scale change is indi- 
cated. The fictitious integrator gain method has distinct 
advantages over the more formalistic approaches. The 
basic system differential equations are never modified, 
and the mechanization can be completely time-scaled in 
a matter of minutes. 


Computer Programming 


Programming an electronic analog computer involves 
the arrangement of specific computer components, in- 
cluding function generators, subject to amplitude and 
time-scaling requirements, according to the particular 
system equations. As such, the mechanization of Fig. 17 
represents a simple linear program. 

The use of the components and techniques discussed 
so far can now be extended to the simulation of a non- 
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Fig. 16 — Three integrators with “fictitious” gains of 10, 1 and 
1/10, respectively. 


c) 


linear system with cross-coupling, which is represented 
by Eqs (11), (12) and (13). The specific physical- 
system description has been purposely omitted to em- 
phasize the idea that the analog technique applies to all 
branches of engineering aad applied sciences as long as 
the differential equations representing the system under 
consideration can be determined. 
&+ Kzt + Kozt cos 6+ Kyy = K;, sin wl (11) 
¥ + Ki + Kijty + Koyy sin 6+ Ky = 0 (12) 
6 + Ks6 + K,(y — x) + K,,y0 = K; cos wl (13) 
The parameter values, maximum expected variable mag- 
nitudes, and initial conditions required to complete the 
problem formulation are as follows: 
e Parameter Values: 
K; = 47sec" Ky = 0.3 ft" 
Ko; = 4.1 sec Ke, = 3.7 sec 
K, = 450 sec? Kg = 29sec 
K; = 10 ft/sec? Ks = 8 sec?-ft™ 
w = 4 rad/sec Ky, = 7 ft-'-sec™ 
Ky, = 14sec™ K; = 10sec 
e Maximum Variable Values: 
Zmax = 10 ft/sec Yuex = 1 ft 
Ymax = 10 ft/sec Onax = 10 rad/sec 
Lmax = 1 ft Omax = 1 rad 
e Initial Conditions: 
X% = 0 
to = ] ft 
bo = 0 


Fig. 17 — Time-scaled mechanization of Eq (8). 





Fig. 18 — Partial mechanization of system represented by Eqs 
(14), (15) and (16). 


Fig. 19—Successive differentiation to generate sines and 
cosines. 


Fig. 20 — Generation of non-linear variables. 
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Based on these data, the amplitude scale factors are 
assigned as follows: 
e Amplitude Scale Factors: 
10z 100z 106 
10y 100y 1000 
Equations (11) through (13) are now solved for the 


highest-order corresponding derivatives (x, ¥, and 6) 
and integrated. However, since the amplitude scale 


factors (10%, 107 and 106) are required, each expres- 
sion is multiplied by a factor of 10, resulting in the 
following equations: 


t 
10z = wo f (K; sin wt — Kzt — Kezt cos 06 — Kyy)dt (14) 
0 


é 
107 = 10 f (—Kjy — Kity — Kojy sin 0 — Kyy)adt (15) 
0 


t 
106 wo f [K; cos wt — Kjé — Ks(y — 2) — Kjo,y0ldt (16) 
0 


Assuming a 10-to-l1 computer time scale, Eqs (14) 
through (16) are partially mechanized by the circuit in 
Fig. 18. Integrators I-1, I-2 and I-3 are used to simulate 
the equations, while the remaining integrators, amplifiers 
and potentiometer form the required linear-integrator 
inputs. 

Thus far, only the linear components of the system 
equations have been generated. The non-linear and time- 
varying portions must now be formed. The input quan- 
tities K; sin wt and K; cos wt can be developed by the 
method of successive differentiation. The computer mech- 
anization for this process is shown in Fig. 19. 

The non-linear elements 


Kezt cos @, Koyy sin @, Kzyty, and Kyo,yé 

can be realized by using the servo-multiplier and resolver 
set-up shown in Fig. 20. Note that a transformation of 
units is required before introducing @ into resolver No. 1. 
Potentiometer No. 11 is employed to convert 1006 
(volts/rad) into 6/2 (volts/deg) and is calculated as 


toliows: 
100 volts/rad = 100/57.3 volts/deg 
(100/57.3)0r = (14)0 


where x is the required potentiometer value. Solving 
for x yields the required value shown in Fig. 20. 
Figures 18, 19 and 20 can now be combined to com- 
plete the system simulation. Since all of the amplifier 
gains are between 1 and 5, the 10-to-1 time scale appears 
to be reasonable. ooo 
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FLAME RESISTANCE OF PLASTICS 
A Key “Design-for-Safety” Factor 


Flameproofness of plastics insulating and mechanical parts has become 


an increasingly vital design consideration. A wide range of applications 


is involved — from appliances to switchgear and computers. In this ar- 


ticle, various flammability-test methods are reviewed (both for materials 


and finished components), qualitative as well as quantitative flame-re- 


sistance data are given, and industry standards for flammability tests 


are reproduced. 


L. N. CHELLIS 

General Products Division 

INTERNATIONAL Bustness MAcHiNes CorpPoRrATION 
Endicott, New York 


THE PROBLEM OF FLAMMABILITY (in one degree or 
another) is a frequent consideration in plastics applica- 
tions in equipment and systems design. In certain in- 
stances, such as switchgear, the problem assumes critical 
proportions owing to the presence of high-energy loads 
that may easily cause the incidental ignition of plastics 


age will rae burn or flame when exposed to flame 


insulating parts that have not been properly selected for 
flame-resistant properties. The danger of flammability 
is obviously a serious problem also in appliance design. 
In fact, the steadily increasing use of plastics materials, 
and the growing diversity of application functions, have 
brought this problem to the attention of design engineers 
in many product areas. In computers (for another ex- 
ample), one section of a computer logic circuit may 
contain several hundred printed-circuit cards closely 
packaged row on row, tier on tier. Without proper re- 
gard to the isolation of energy sources and to the flame 
resistance of the plastics laminates used for the cards, 
the array could present a serious fire-hazard problem, 





Fig. 1 — Schematic of Setchkin ignition-test apparatus. 


t is interesting to note that the National Fire Pro- 
tective Association has formed a committee to establish 
standards for electrical insulation used in computers. 
The objective of this program is to stress overall safety 
design approaches that incorporate provisions against 
fire hazards. Work directed toward suitably flame-resist- 
ant laminates in switchgear has been underway for some 
time undér NEMA sponsorship. The Underwriters’ Labo- 
ratories has been concerned with flame-resistant materials 
for appliances. 

The present discussion will describe a number of 
standard tests for flammability of plastics materials, in- 
cluding some screening tests, and will also describe 
tests on completed components and equipment. (The 


Table | — Representative Self-Ignition 
Temperature Values for Selected Plastics 
Materials by the Setchkin Method’ 


Temperature, deg F> 


Material Flash 


Self-ignition 


Mineral-filled phenolic 1020 none 
General-purpose phenolic 900 none 
Polycarbonate / 900 | 960 
Melamine, alpha-cellulose filled 840 
Laminated phenolic, NEMA grade 

FR-2 830 | 960 
Nylon, Type 6/6 800 800 
Rigid PVC 790 985 
Mylar polyester film 770 800 
Acrylic cast sheet, self-extinguishing 760 940 
Acrylic cast sheet, ASTM Type II 730 880 
ABS polymer | 760 | 830 
Polyester-glass, NEMA Grade GPO-1 | 730 900 
Polystyrene 720 900 
Chlorinated polyether 710 | 830 
Polyethylene 650 680 
Cellulose acetate 620 850 
Ethyl cellulose 550 570 


none 








® See Fig. 1 and Cited Reference (2). 

» Self-ignition temperature is determined as the lowest temperature (with optimum 
air flow conditions) at which the specimen will ignite in the absence of an outside 
fiame source. The flash temperature is the temperature of the air around the speci- 
men at which sufficient combustible gas is developed to be ignited by the external 
flame at the top of the tester. 
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results of exhaustive tests on an extensive list of thermo- 
plastic, thermosetting, sheet and laminate materials are 
provided in the Appendix, as well as reproduction of 
standard specifications used in the author’s laboratories. ) 


Flammability Tests 


Tests may be divided into two general classifications: 
ignition and burning. In at least one instance, the two 
are combined in a single test. Some authorities are of 
the opinion that ignition tests are equal in importance 
to burning tests, since, obviously, ignition must precede 
burning. (1) * 

One of the most adequate tests for determining actual 
ignition temperature is the Setchkin method. (2) (It 
has been under active investigation by section Cl, Sub- 
committee II], ASTM D-20, and may shortly be released 
as a standard.) The procedure is as follows: successive 
specimens of the material tested are exposed to hot air 
at different constant temperatures and different rates of 
air flow until one of the samples ignites. 

The apparatus (Fig. 1) consists of an insulated cham- 
ber with heating coils embedded in the exterior walls. 
A ceramic tube provides an inner chamber which encloses 
the specimen. Air, under a controlled rate of flow, is 
introduced at the top of the apparatus. It is heated as 
it passes down through the annulus opening between 
chambers. The hot air passes over the specimen and out 
through the center top of the chamber. Thermocouples 
are placed in three locations. 

This method provides a realistic n.easure of ignition 
temperature, correlating with actual service conditions. 
Table I gives some representative values for certain 
plastics materials obtained at the IBM Endicott process 
and materials laboratory. (3, 4) 

Two older methods of testing for ignition, ASTM 
D757 and ASTM D229, are designed to test for ignition 
when in contact with hot surfaces such as a Globar 
heating element or a Nichrome resistance wire. These 
tests, however, have recognized shortcomings. They tend 
to exclude oxygen and limit air flow over the specimen. 
Moreover, the ignition-temperature readings may be spu- 
riously high owing to a decrease in surface contact area 
caused by a differential in the relative rates of thermal 
expansion in the specimen and the heating element. Re- 
sults tend to show large variances. While these tests do 
offer a fast means of obtaining ratings on a material, 
they do not establish the minimum ignition temperatures. 

The NEMA switchgear test (Fig. 2) is one that de- 
termines both ignition time and burning time under one 
procedure. It is a modification of Federal Specification 
LP-4066. The test is conducted inside a resistance coil 
which can be heated to 860 C. A test specimen (10 x 
14 x 1% in.) is clamped inside. After current is turned 
on, the time until ignition is recorded. After ignition, 
the current is left on for 30 sec. Then, as current is 
turned off, time of burning or time until burning ceases 
is recorded. A flammability index is determined by the 
formula: 

I-B 


F=10X773 


where 
I = ignition time 
B = burning time 


* Italic numerals in parentheses refer to Cited References at end of article. 
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== flammability index (values are between +10 and 
—10) 


Negative values indicate relatively rapid ignition and 
long burning; conversely, positive values indicate ma- 
terials slow to ignite or quick to burn out. 

Early studies with this switchgear test method indicate 
a considerable lack of reproducibility. The need for stan- 
dardizing certain variables (such as the location of elec- 
trodes and methods for exhaust of combustion gases) 
seems necessary. Continued tests have not as yet pro- 
duced appreciably better results, although some progress 
has been achieved in bringing the variables under control. 
Despite the limitations shown in these early studies, 
this test method should have some merit for the compara- 
tive evaluation of standard laminated plastics, such as 
the commercial NEMA grades. 

The application of this test method to thermosetting 
molding materials such as general-purpose phenolics, 
mineral-filled phenolics, melamines and alkyds has been 
attempted at the author’s laboratory, but with erratic 
results. The high temperature (860 C) present in the 
resistance coil (within which the molded specimens are 
placed) tends to “unfold” o1 delaminate the specimens, 
thus exposing surface areas of variable extent. Conse- 
quently, significant variations in burning time are likely 
to be exhibited even by specimens of identical composi- 
tion. 

So far as thermoplastic molding materials are con- 
cerned, this method is obviously not applicable, since 
the presently available thermoplastics would melt below 
the coil temperature. 

An IBM electric-arc test has been used with good 
results over a wide variety of plastics materials. The 
test setup is shown in the schematic in Fig. 3. The test 
specimen is mounted above two tungsten electrodes, 
which are spaced 34 in. apart and are connected to a 
9000-volt, 30-ma power supply, which is capable of 
sustaining an arc without overheating or burning the 
electrode tips. A sequence timer controls duration of 
arcs as well as the interval between successive arcs. 

Some 84 plastics materials tested for ignition by the 
IBM method under two different conditions of arcing 
gave the results tabulated in Appendix A. A correlation 
was noted between ignition characteristics under this 
test and self-extinguishing properties under a Bunsen- 
burner test described in the next section. 

It should be noted here that the Bunsen burner (and 
similar) tests are essentially small-scale screening tests 
designed for materials in specimen form. In contrast, 
the ignition tests described here attempt to provide actual 
quantitative values for flammability characteristics of 
materials. Still other tests (to be described later) deal 
with (a) tests on specimens that simulate configuration 
of actual plastics parts as used in end-product applica- 
tions, and (b) full-scale field tests that simulate actual 
fire-hazard conditions. 


Screening Tests 
ASTM D-635 is a widely used test designed for speci- 


mens of materials over 0.050-in. thick. A Bunsen-burner 
flame 34-in. high is applied to one end of a flat-mounted 
6 x 1% in, specimen. Application time is 30 sec, Lines are 
scribed on the specimen and a burning rate for each 
material is determined by how long it takes to burn 
from one line to another. If fire on the specimen burns 
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Fig. 2— Schematic for the NEMA switchgear test. 


out after two applications of the burner, and before 
reaching the second mark, the material is classified as 
self-extinguishing. Any report on burning-rate or self- 
extinguishing properties should include the thickness of 
the specimen. 

For specimens less than 0.050-in, thick, the ASTM 
D-568 test may be used. The standard specimen is 18 
x 1 in. and is mounted vertically. Scribed lines are 12 in. 
apart. Flame application is for 15 sec. Burning rates or 
self-extinguishing properties are determined by the same 
procedures as given in D-635. 

Thin, flexible plastics sheeting or insulation may be 
tested using the SPI Flammability Tester, ASTM B-1433. 
It consists of a cabinet into which a specimen holder 
with a 3 x 9 in. sample is inserted. A small jet-like 
flame is used to ignite the film. As the flame progresses 
and burns through the first thread, it activates a timer 
through the limit switches. A second thread, upon being 
burned, causes limit switches to stop the timer, and 
burning rate in inches per minute can be calculated. 
Reproducibility of test results is poor, however, and 
the test is referenced in only a few standards. 

ASTM D-1692 is a laboratory procedure for compar- 
ing relative flammability of plastics foams and sheeting 
materials. A foam sample (2 x 5 in.) is supported 
horizontally on a wire hardware cloth. Each specimen 
is marked across its width with two [nes spaced at 1 
in. and 5 in. from one end of the specimen. A 11% in. 
blue flame from the burner is applied for 1 min to the 
end of the specimen. Burning rates are established by 
the time required for burning from one mark to the 
other. If flame does not reach the second line, the foam 
is rated as being self-extinguishing. 

Underwriters’ Laboratories have traditionally tested 
materials for flammability using a vertically mounted 
small specimen. U.L.’s Subject 94 covers a test for slow- 
burning materials. The test is patterned after ASTM 


10 -volt 
Counter, recycle timer 


\ \ 


9000- volt ,30- ma Tungsten 
transformer electrodes 


\ \ 


Fig. 3—Schematic for the IBM Electric-Arc Ignition Test 
apparatus. 
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D-635. Subject 94 also covers a vertical test for self- 
extinguishing materials. In the latter test, specimens 
10 x 1% in. are used in two thicknesses: 1/16 in. and 
14 in. Flame size is specified as 1 in. One 10-sec flame 
application is made, and, as soon as the specimen stops 
burning, a second 10-sec flame is applied. To be rated 
“self-extinguishing,” the materials must go out within 
25 sec after the second flame application. Although the 
test is applicable for thermosetting materials, some 
thermoplastics may melt and invalidate the test. 
Appendix B reproduces an industrial standard test 
patterned after Subject 94. This standard leaves the 
number of flame applications, the duration of flame 


application, and thickness of specimen optional. Thus, 
requirements for each self-extinguishing material can 
be specified within each material’s capability. 


Calorimeter Test 


In addition to test methods described, the heat of 
combustion or fuel value of plastics can be readily de- 
termined by means of a calorimeter so as to provide a 
simple basic indication of susceptibility to flammability. 
Certain calorific contents were determined in. an ex- 
ploratory experiment at the author’s laboratory. Tests 
were performed on a Parr Calorimeter (according to 
directions in the Parr Instrument Co. manual “Peroxide 
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Appendix A — Flammability of Plastics Molding Compounds, Sheets, Laminates and Vulcanized Fibre 


Note: Designation “\/” means that the material is self-extin- 
guishing by Underwriters’ Laboratories standard test (Subject 
94). Designation “*” means that the material is not self-extin- 
guishing by this test. Condition “A” calls for arcs of 1-sec duration 
at intervals of 1 sec. Condition “B” calls for arcs of 5-sec duration 
at intervals of 2 sec. For thermosetting materials, tests were dis- 
continued after 30 arcs under condition “A” and after 10 arcs 
under condition “B,” since further arcing appeared incapable 
of igniting the test samples under conditions of the test. For 
thermoplastics materials, tests were discontinued after 15 arcs 
and 10 arcs under the same conditions. Abbreviations: NI. = 
no ignition; R.I. = remains ignited. 
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1. Ignition Characteristics of Thermoplastic Molding Materials 

















Flame 
No. cycles duration 
Condition | Condition 
Class and type Lr BS) ivdk B 
* Polyethylene, regular (vendor B)| 5 1 | RI. | RI. 
* Cellulose acetate butyrate, MH 
flow 4 1 Ri. 1 32.4. 
* Cellulose acetate, MH flow “ 1 RI. | RI. 
* Acrylic, impact 4 1 RI. | RI. 
* Acrylic, impact 3 1 a. | me 
* Polyacetal 4 2 te ie 2 
* Acrylic, clear 3 1 mi. | mi. 
* Polystyrene, impact, medium 3 1 Pk» Tee 
* Polystyrene, heat and impact 3 1 ek. ie 
* Polystyrene-acrylonitrile, 
chemical resistant 3 1 ea... ees 
* ABS, extra-high impact 1. Ri. -} RL 
* ABS, extra-high impact 2 1 R.I. | R.I. 
* Polystyrene, high-impact 2 1 mas | we, 
/Vinylidene chloride 15 10 | N.I. | NI. 
VNylon, ASTM Type I-6/6 15 10 | N.I. | N.I. 
V Nylon, ASTM Type II 15 2 | N.I. | 2 sec 
Nylon, Caprolactam-6 } 15 10 N.I. | N.I. 
V Acrylonitrile-butadiene-styrene, 
extra-high-impact, flame- 
retarded 15 10 N.I. | N.I. 
Cellulose acetate, flame-retarded 15 10 N.I. | N.I. 
V Chlorinated polyether 15 10 | N.I. | N.I. 
Polycarbonate 15 10 | NI. | N.I. 
Polyethylene, linear, flame- 
retarded 8 | — RI. | RI 
V Polyethylene, linear 4-8 ms 1) ee 
* Polypropylene 6 2 DRE. URE 
* Polyethylene, regular (vendor A) 5 5 RL PRs 
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2. Ignition Characteristics of 7hermosetting Molding Materials 





Flame 
No. cycles duration 
Condition Condition 














Class and type 


»/Melamine, mineral-filled 30 10 N.I. | N.I. 
Melamine, glass-filled 30 10 N.I. | N.I. 
-/ Melamine, alpha-cellulose filled 30 10 N.I. | N.I. 
./DAP, glass-filled (material A) 30 10 N.I. | N.I. 





\/Phenolic, glass-filled 30 10 N.I. | N.I. 
\/ Alkyd, glass-filled (material B) 30 10 N.I. | N.I. 
VUrea, alpha-cellulose 25 10 5 sec | 7 sec 
\/Phenolic, mineral, electrical 

grade 23 10 4 sec | N.I. 
Phenolic, impact, mineral and 

flock 14 | 7 2 sec | 5 sec 
\/Epoxy, mineral 11 a 4 sec | RI. 
\/ Alkyd, glass-filled (material D) 11 8 2 sec |20 sec 
Phenolic, general-purpose 11 7 3 sec | 6 sec 
* DAP, glass-filled (material E) 10 6 mz. | met. 
\/Hard rubber, resin-modified 9 6 2 sec | RI. 
\/ Alkyd, glass-filled (material F) 8 3 4 sec | 5 sec 
* Alkyd, nylon-filled 7 3 ms. 1 mi. 
* DAP, orlon-filled Le Ade ee RARE Fe 





3. Ignition Characteristics of Thermoplastic Sheet Materials 
















































Flame 
No. cycles duration 
Condition Condition 
Class and type A B A B 

»/Acrylic, flame-resistant 1 as 10 N.I. | N.I. 
./ABS polymer polystyrene, 

alloy, flame-resistant | 5). 20 AN. | Bt. 
./Polystyrene, alloy, flame- 

resistant 15 10 N.I. | N.I. 
/Polyvinyl] chloride, rigid, 

unplasticized 15 10 N.I. | N.I. 
./Polyviny] chloride, rigid 15 10 N.I. | N.I. 
/Polyvinyl chloride acetate 

(copolymer), rigid 15 10 | N.I. | N.I 
* Allyl 6 2 R.I R.I. 
* Acrylic, Type 2 3 1 2. | ae, 
* Polystyrene, alloy, unmodified 3 1 R.I. | R.I. 
* Polystyrene, modified 3 1 RZ. 1 Ri. 
* Cellulose acetate 3 1 RI. | RI 
* Cellulose acetate butyrate 3 1 
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Bomb Calorimetry”) using sodium peroxide as the 
oxidizing medium and potassium perchlorate as an ac- 
celerator. Standardized benzoic acid was used for cali- 
brating the calorimeter on each run. Sample size was 
approximately 0.3 gm, mesh size was 65, and all samples 
were pre-dried for 48 hr at 160 F. These were the results: 


Btu/lb 
26,200 
19,750 
20,000 
17,000 


Material 
Polystyrene, general purpose 
Polystyrene, flame retarded 
Polycarbonate 
Epoxy-paper, FR-3 
Phenolic, wood-flour filled 16,050 
Melamine, alpha-cellulose filled 11,300 
Phenolic, laminated XXXP, FR-2 9,000 


Subjected to IBM Electric-Arc Ignition Test 


4. Ignition Characteristics of Plastics Laminates and 
Vulcanized Fiber 


Flame 
duration 


No. cycles 


Condition Condition 
Vend- |———_,_—__|_ 
Class and type or A B A B 


VVulcanized fibre, flame- | A, B 
resistant &C 30 10 N.I. 
Laminated phenolic, 
flame-resistant, 
XXxXP A 30 NI. 
Polyester-glass, flame- 
resistant, GPO 30 NII. 
Polyester-glass, flame- 
resistant, GPO 30 N.I. | 
VLaminated phenolic, 
flame-resistant, post- 
forming, Grade C 30 N.I. 
VLaminated phenolic, 
flame-resist., Grade X 26 
VLaminated phenolic, 
flame-resist., Grade X 18 
VLaminated phenolic, 
flame-resist., Grade X 17 
VLaminated phenolic, 
flame-resistant, Grade 
xX 
VLaminated phenolic, 
flame-resistant, post- 
forming, paper-base 
/Laminated phenolic, 
post-form., Grade CF 
* Laminated phenolic, 
NEMA XXxXP 
* Laminated phenolic, 
NEMA CE 
Laminated phenolic, 
NEMA XX 
Laminated phenolic, 
NEMA L 
* Laminated phenolic, 
NEMA XX 
VLaminated phenolic, 
post-forming, paper- 
base 
»/Laminated phenolic, 
NEMA LE 
* Laminated phenolic, 
nylon fabric, NEMA 
N-1 
* Vulcanized fibre, elec- 
trical, STD 
* Vulcanized fibre, com- 
mercial, STD 
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A correlation was found between these heat of com- 
bustion values and the observed burning rate in vertical- 
or horizontal-flame tests. The calorimeter test appears 
to be very useful since it eliminates the variables in- 
herently present in flame tests. 


Component and End-Product Tests 


Two approaches may be taken to specifying flame re- 
sistance in electrical and electronic components. In the 
first, a standard flame-test requirement may be included 
in the applicable materials specification. An example of 
this approach is given in Appendix B. This approach, 
however, has this disadvantage: quality control is dif- 
ficult since the component manufacturer is required to 
certify materials or submit materials specimens with 
shipments of the components. 

The second (and perhaps the better) approach is to 
specify flame-resistance requirements for the finished 
component. Appendix C illustrates a standard test for 
components (patterned after MIL-T27A). The choice 
of flame size and time of exposure to the flame gives 
flexibility to this procedure. 

Direct ignition tests may be quite frequently per- 
formed on specific end products. For example, arrays 
of computer printed-circuit cards and holders may be 
deliberately ignited by such means as a benzomatic torch. 
Flame-spread rate and “time to self-extinguish” may be 
studied for different materials in a common configura- 
tion. This type of test may also be used in developing 
better overall design principles to improve safety and 
reliability in performance. 

Several existing UL full-scale test methods are de- 
signed to establish rate of flame-spread in complete 
buildings and architectural elements such as light dif- 
fusers, but these are outside the scope of this article. 
However, a laboratory-scale modification has been de- 
veloped at the National Bureau of Standards that may 
be used for evaluation of materials. In this method 
[ASTM tentative D(162)-60T] sheet specimens of ma- 
terials (6 x 12 in.) are inclined at an angle to a radiant- 
panei gas combuster. In this way, samples ignite first at 
the top edges and the flame travels downward. Progress 
of the flame is easily followed since smoke and gases 
are drawn off through the stack above the burning speci- 
men. Stack thermocouples and a smoke meter assist in 
classifying materials. Flame-spread indices can be cal- 
culated which reportedly correlate well with those from 
large-scale flame-spread tests. (5) 


Summary: Plastics Selection Guide 


Selection of the proper materials for any given appli- 
cation usually involves some degree of compromise. 
Factors such as cost, electrical properties, strength and 
appearance must be balanced against flame resistance. 

Thermosetting materials still offer the highest degree 
of flame resistance within the plastics family. Glass or 
mineral-filled materials such as the melamines, phenolics, 
alkyds, silicones and diallyl phthalates (DAP) are su- 
perior. Other thermosets such as the cellulose-filled 
phenolics, the ureas, and chlorine-containing polyesters 
and epoxies can be classified as self-extinguishing, and 
can be safely used in almost all applications. In contrast 
to most thermoplastics, they do not drip flaming particles 
when exposed to fire conditions. 

(Continued on next page) 


81 





In the thermoplastic family of plastics, the fluoro- 
carbons, polyvinyl chlorides and copolymers, nylon, poly- 
carbonate, and polyvinylidene chloride have inherent 
self-extinguishing properties. Other thermoplastics such 
as cellulose acetate, polystyrene, acrylic, low- and high- 
density polyethylene, and polypropylene may be made 
self-extinguishing by compounding with modifiers. Tra- 
ditionally, these modified materials have been difficult 
to process on conventional equipment and have usually 
suffered loss of heat resistance and electrical properties 
due to modification. Screw plasticizing injection ma- 
chines and more stable modifiers have done much to 
overcome processing difficulties. The material suppliers 
recognize the demand for better self-extinguishing plas- 
tics and we can expect additional progress toward both 
better electrical properties and improved heat resistance. 

Table II provides a guide to selection of self-extin- 
guishing materials in three categories: thermosetting, 
thermoplastic and laminated. Materials are arranged 
roughly in order of flame resistance. It must be recog- 
nized, however, that valid data of a sufficient quantity 
are lacking to allow for’ precise ranking. 


Summary: Analysis of Test Methods 


Ignition tests are of considerable value in determin- 
ing the fire hazards of materials. It is obvious that for 
a fire to spread, it must first start. Much more considera- 
tion should be given to obtaining precise ignition tem- 
peratures of all classes of plastics materials. 

Screening tests have a certain limited value. They re- 
quire only a minimum amount of space and equipment 
and are therefore convenient to use. They can be a 
valuable tool in controlling manufacturing processes, 
material development work, and quality control on end- 
use products. Where the quantity of plastics material 
in a part or product is small, the screening tests can 


be logically utilized for rating and specification. Where 
experience and data exist through larger-scale tests, the 
screening tests may be used as a control for future 
evaluations. It may be established through experience 
that a given material is safe when used in large quantities 
in a particular application. 

When a new material is to be evaluated, the screening 
test may identify it as having the same general burning 
characteristics as a known acceptable material. If heat 
of combustion and ignition data are also obtained, this 
provides added assurance of safety. 

It is probably dangerous to assume that because a 
material is rated as self-extinguishing, it presents no 
hazard regardless of the size, weight and configuration 
of the end part. Where materials are used in large 
quantities and in configurations susceptible to burning, 
they should be evaluated for fire hazard by means of 
a design or engineering test. Oo0°o 
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Table Il — Self-Extinguishing Plastics Materials in Approximate Order of Relative Flame Resistance 


4. Thermosetting Plastics 


Melamine formaldehyde (ASTM D-704) 
Glass-filled, Type 8 
Mineral-filled, Type 2 
Alpha-cellulose filled, Types 1 and 7 
Phenol formaldehyde (ASTM D-700) 
Glass-filled 
Mineral-filled, Types 7, 9 and 10 
Silicone 
Glass-filled 
Alkyds 
Glass-filled 
Mineral-filled 
Diallyl phthalate (DAP) 
Glass-filled 
Mineral-filled 
Urea-formaldehyde, F. R. (flame-resist- 
ant) grade 
Polyesters 
Glass premix, self extinguishing grade 
Glass-mat reinforced, self-extinguish. 
Glass-fabric reinforced, self extin- 


Diallyl phthalate 
Orlon-filled 
Dacron-filled 

Epoxies 
Glass-filled 
Mineral-filled 


. Thermoplastics 


guishing 
Phenolics (ASTM D-700) 
Wood floor, general purpose, Type 2 
Improved-impact, Type 3 
Shock-resistant, Type 12 
Moderate-impact, Type 4 
Medium-impact, Type 5 


Polycarbonates 


Nylon, Type 6/6 
Nylon, Type 6 


High-impact, Type 6 
Urea formaldehyde (ASTM D-705) 
Alpha-cellulose filled, Types 1 and 2 


Polytetrafluoroethylene 
Polytrifluorochloroethylene 
Polyvinylidene chloride 

Polyvinyl chloride, rigid 

Polyvinyl chloride-acetate, rigid 
Polypropylene, F. R. grades 
Polystyrene alloys, F. R. grade 
Polystyrenes, F. R. grades 
Acrylic sheet, F. R. grade 
Cellulose acetate, F. R. grade 
Linear polyethylene, F. R. grade 
Polyethylene, low density, F. R. grade 
Nylon, molybdenum-disulfide filled 
Nylon, graphite-filled 


Chlorinated polyether 


Nylon, Types 6/10 and 11 
Polyvinyl chloride, plasticized 
NEMA 


C. Laminates and Equivalent 


Grades 

Teflon-glass 

Melamine-glass 

Silicone-glass 

Silicone-glass 

Silicone-glass 

Phenolic-glass 

Epoxy-glass 

Epoxy-glass 

Melamine-paper 

Polyester-glass, self- 
extinguishing 

Melamine/cotton-fabric 

Epoxy-paper 

Phenolic-paper 

Phenolic-paper 

Phenolic-paper, post-forming 

Phenolic-canvas, post-forming 

Phenolic-paper (XX) 

Phenolic-paper (XXX) 

Phenolic-asbestos (A) 

Phenolic-asbestos (AA) 

Phenolic/cotton-fabric (LE) 

Phenolic/cotton-fabric (L) 

Phenolic/cotton-fabric (CE) 

Phenolic/cotton-fabric (C) 


(none) 
(G-5) 
(G-7) 
(G-6) 
(G-3) 
(G-3) 

(FR5) 

(FR4) 
(ES) 


(none) 

(MC) 
(FR-3) 
(FR-2) 
(FR-1) 
(none) 
(none) 
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Appendix B: Flammability Tests (Vertical)* 


iii 


1. Scope 


1.1. This standard describes the method 
testing materials for flammability on 
basis of test specimens specified in 


Procurement Standards applying to 
material. 


for 
the 
the 
the 


2. Apparatus 


2.1. The flame shall be provided by a 
4-in. burner with 0.375-in. nominal bore. 
Synthetic gas (530 to 550 Btu and a specific 
gravity, relative to air, of 0.36 to 0.40) is 
to be used as fuel. Gas pressure must be 
controlled at 2.0 to 3.0 lb/sq in. 

2.2. Clamps must be provided to hold 
the specimens rigidly. 

2.3. Tests are conducted in a draft-free 
hood enclosure that is protected from air 
currents, 

2.4. Stop-watch or other suitable timer. 

2.5. Supply of untreated surgical cotton, 
conditioned per 3.1. 


3. Procedure 


3.1. Conditioning: a minimum of five 
samples are to be conditioned at 23 C 
(73.4 F) and 50 per cent RH for 48 hr 


* IBM Corporate Standard 5-5-1900-1 (condensed). 


minimum. 
specified. 

3.2. The test specimen(s) is clamped 
vertically in the enclosure so that the 
lower end is 0.38 in. above the top of the 
burner tube. 

3.3 The 


the sample, 


Special conditioning may be 


burner is ignited away from 
and adjusted to produce a 
blue flame, approximately 0.75 in. in 
height. The temperature of the flame at 
its hottest portion is to be 1700 to 1900 F. 
Temperature may be determined by means 
of a suitable thermocouple bridge or by 
an optical pyrometer reading of Nichrome 
wire placed in the flame. 

3.3.1. The test flame is placed cen- 
trally under the lower end of the test 
specimen and allowed to remain for 
the specified time. The burner may be 
tipped 20 deg from the vertical where 
dripping material might interfere with 
the test. 

3.3.2. Flaming particles or droplets 
that may drop during the test shall be 
allowed to fall on a 0.25-in. thickness of 
conditioned cotton placed horizontally 12 
in. below the test specimen. 

3.3.3. The flame is removed after the 
specified time. Where specifications call 
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for two applications of flame, the second 
application is to be made within 5 sec 
after flaming or glowing combustion of 
the specimen stops. 


4. Specifications 


4.1. This standard will be referenced 
when applicable, and supplemented as 
follows: 

4.1.1. Number of flame applications, 
thickness of specimens, flame application 
time, and required extinguishing time 
will be specified [see example below] 
by a code system. 

4.1.2. Standard test specimens are 
5.00 by 0.50 in. Length and width need 
not be specified unless specimens are to 
deviate from standard. Specimen edges 
must be smooth and unbroken. 


Example: “Material must meet condition 
2/125/10/20 for flammability when tested 
to Standard 5-5-1900-1.” 

Interpretation: “Two flame applications 
are to be made, Specimen size is 5 x 
0.50 x 0.125 in. Flame application time 
is 10 sec (each). Required extinguishing 
time (after the first or second application) 
is 20 sec maximum.” 


Appendix C: Flammability Test for Electrical /Electronic Components* 


Scope 

This procedure applies to flame testing 
of components such as resistors, diodes, 
capacitors, pulse transformers, delay lines, 
molded-core assemblies and molded induc- 
tors. 


Procedure 

1. At least four specimens of each com- 
ponent are tested. 

2. Testing is performed in a draft-free 
location at an ambient temperature of 
75-85 F. A standard hood enclosure with 
a vertically sliding safety-glass_ shield 
should be used. During the test, the 
shield is closed to within 12 in. of the 
bench top. The stillness of the air in the 
enclosure may be checked by means of 
an alcohol-burner flame maintained within 
the hood during testing. The tester’s hands 
and arms extend inside the hood enclosure 
while his face and neck are protected by 
the shield. (Note: Since some components 
explode when excessively heated, precau- 
tionary tests should be made prior to 
actual testing by this procedure.) 

For components with a wire lead, a 
IBM (condeused), 


* Source: Standard 


1961. 


January 30, 


suitable cork or the equivalent is clamped 
to a suitable ring stand. The wire lead 
is forced into the cork so as to maintain 
the component in a_ horizontal position. 
For larger components with no leads (e.g., 
rectangular delay lines), the specimen is 
placed directly in the clamp in a hori- 
zontal position and tilted approximately 45 
deg so that the flame impinges on only 
one edge of the specimen. 

For Condition A, use a Fisher Adjust- 
able MicroBurner with a 0.020-in. tip open- 
ing. The burner shall be used with artificial 
gas having a Btu value of 530-550/cu ft and 
a specific gravity of 0.36 to 0.40; pressure, 
2.5 +0.5 lb/sq in. The flame is adjusted 
to 1 in. overall. 

For Condition B, use a standard labo- 
ratory 4in. burner with a %-in. bore. 
Artificial gas with a Btu value of 530-550 
and a specific gravity of 0.36 to 0.40 shall 
be used as fuel. Adjust the flame to 2 in. 
overall, with a 1-in. blue cone. 

The temperature of the flame under each 
condition is to be 1700-1900 F measured 
at the hottest portion. Temperature may 
be determined by means of a suitable 
thermocouple bridge or by an _ optical 
pyrometer reading of Nichrome wire placed 
in the flame. The flame is applied to the 


specimen so that the tip of the blue cone 
just contacts the specimen’s leading edge. 
Time the specified flame application with 
a stopwatch and remove flame gently. The 
time to self-extinguish is determined and 
recorded. Where multiple flame applica- 
tions are specified, the flame must be 
reapplied within 5 sec after extinguish- 
ment occurs. 

The average extinguishing time on four 
specimens will be used to determine if 
specifications are met. The extinguishing 
time on any single specimen may not 
exceed specifications by more than 150 per 
cent. 


Method of Specification 

The specification will state test condi- 
tions and requirements by means of a code 
system [see example]. 

Example. “A component must meet flam- 
mability condition A/15/10 when tested 
according to the above procedure.” In this 
case, the specimen is exposed to the 1-in. 
micro-burner flame for 15 sec and must 
extinguish itself within 10 Or, for 
condition B/30/15, a standard burner with 
a 1%- to 2-in. flame is applied for 30 sec 
and the component must be self-extinguish- 
ed within 15 sec. 


sec, 
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Left, large stationary-field electric clutch (1544-in. diam) for 
drives to 200 hp. Rotor is keyed to shaft while armature drive 
pins are inserted in a chain sprocket, gear, V-belt sheave, etc. 
Clutch couplings (below, right) are made down to %%-in. diam 
for subfractional-horsepower applications. 


Automatic 


Switching 


Control 


with Electric Clutches 
and Brakes 


mechanical power-switching functions 
clutch and brake selection factors 
basic control circuits 


modifications in timing obtained by 
overexcitation and underexcitation 


control devices for clutch/brake circuits 


flexible transistor switching control 
circuit 


PAUL BLOCK, Control Engineer 
DALE HENNINGS, Control Engineer 
Warner Evecrric Brake & Ciutcn Co. 
Beloit, Wis. 
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DirRECT-ACTING friction-disk electromagnetic clutches and 
brakes are widely applied as mechanical power-switching 
devices for automatically controlled machines because 
they combine fast response to electrical control signals 
and high power gains in a relatively low-cost package 
with a longer operating life than most relays. 

Control power requirements are nominal—typically 
ranging from 3.4 watts for a clutch or brake rated at 
1.5 lb-in. torque to just under 40 watts for a 700-lb-ft 
unit capable of handling a 200-hp drive. Electric clutches 
and brakes can be energized from a single-phase a-c line 
through a single rectifier, or directly from automotive- 
type d-c batteries. 

Teamed with standard induction motors, or other types 
of continuously rotating prime movers, electric clutches 
and brakes can perform such varied drive functions as: 

controlled acceleration and deceleration 

automatic coupling and decoupling 

rotary indexing 

linear positioning 

rapid cycling 

inching and jogging 

speed changing 

overload protection 

torque and tension control 
—all in response to signals from pushbuttons, limit 
switches, proximity devices, relays, photocells, thyra- 
trons, vacuum tubes, transistors, or any other kind of 
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electrical or electronic on-off switch. Virtually any pro- 
gram of machine motion can be accomplished with vari- 
ous combinations of electric clutches and brakes. Both 
the static and dynamic operating characteristics of in- 
dividual clutches and brakes can be varied over a wide 
range. The amount of acceleration or deceleration torque, 
the rate at which this torque is developed, and the time 
to complete a given action can all be closely controlled 
and adjusted. Proper control of these variables can 
give clutch/brake systems the finesse and precision of 
more sophisticated systems at a fraction of the cost. 


Clutch and Brake Operation 


The first step in designing the control system is to 
match the characteristics of the clutch or brake to the 
load requirements. Some typical single-disk designs are 
shown in Table I. The primary brake consists of a 
stationary, annular magnet or field member with a 
U-shaped (in section) iron pole-piece faced with non- 
magnetic friction material, and a segmented iron arma- 
ture which mounts on drive pins or a spline to permit 
axial movement and which is connected to the load shaft. 
When the magnet is energized with direct current, the 
armature is pulled into contact with the friction facing, 
which supplies the deceleration torque. 

For a primary clutch or clutch-coupling, the armature 
may be connected to either the power input or the load— 
by means of a free-wheeling hub, gear, sheave or sprocket 
—and the field member is shaft mounted. When the coil 
is energized through slip rings, the friction force of one 
member sliding against the other furnishes the accelera- 
tion torque. 

Where slip rings and brushes are ruled out, stationary- 
field clutches are used. In this case, the field member- 
couples magnetically to the armature through an inter- 
mediate rotor. There is no physical contact between the 
field member and the rotor. Built similarly to stationary- 
field clutches are replaceable-face brakes for applications 
where high wear rates are anticipated. For duty-cycle 
operation, a combination clutch-brake is often used 
with a switching control that alternately energizes one 
or the other. 


Torque-Slip Characteristics. The pickup torque 
developed by a clutch or brake depends on the friction 
surface area, the field flux density, and the relative speed 
or slip between the friction surfaces. Figure 1 shows the 
nominal pick-up torque characteristics of a family of 
single-disk clutches and brakes ranging from % in. to 
151% in. in diam. 

Actually, there is considerable overlap between the 
various sizes since the torque capability of a unit can 
be adjusted over a wide range by varying the field cur- 
rent. Figure 2 shows the variation in pickup torque for 
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representative current settings of an 814-in. diam unit. 

Although no industry standard prevails, the nominal 
torque rating is generally taken to be the zero-slip or 
static torque capability at rated current (115 lb-ft in the 


Table | — Some Basic Types of Direct-Acting 
Electric Brakes and Clutches 


INTEGRAL-HORSEPOWER UNITS 


Primary Brake 
1. Stationary field 
2. Armature 

3. Drive pin 

4. Conduit box 

5. Armature hub 


Stationary-Field Clutch 
1. Stationary field 
2. Rotor 

3. Armature 

4. Drive pin 

5. Rotor hub 


FRACTIONAL-HORSEPOWER UNITS 


a WR, 
\: 


Replaceable-Face Brake 

1. Stationary field 

2. Armature 

3. Replaceable face 

4. Splined armature hub 


Primary Clutch-Brake 

. Brush holder 

. Collector rings 
Brake field (rear) 
Clutch field (front) 
Clutch armature 
Drive pin 


Primary Clutch 
Brush holder 
Collector rings 
Rotating field 
Armature 
Drive pin 


Stationary-Field Clutch-Coupling 
1. Stationary field 

2. Rotor 

3. Armature 

4. Splined armature hub 





peed 





8000 10,000 
Slip speed 


Fig. 1— Nominal pickup torque characteristics for (a) integral-horsepower, and (b) fractional-horsepower direct-acting electric 


clutches and brakes. 


case of Fig. 2). This represents the maximum running 
torque a clutch can transmit. At rated current, the pole 
pieces are so highly saturated magnetically that a sub- 
stantial increase in current produces only a small in- 
crease in torque beyond that point. For some designs, 
forced-air cooling may be necessary to prevent excessive 
coil heating and reduced coil life, when a continuous 
overvoltage is applied. 

Pickup curves such as Fig. 2 are useful for determining 
the current setting of a clutch or brake when torque is 
the primary consideration and acceleration or decelera- 
tion time is relatively unimportant. In many automatic- 
ally controlled systems, however, the pickup torque 
capability at a particular slip speed is less significant 
than the average torque a clutch or brake develops in 


Fig. 2— Typical pickup curves for various current settings of 
friction-disk clutch or brake. (844-in. diam Warner unit with a 
90-volt d-c coil.) 
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accelerating or decelerating a load in a given time. The 
average torque, 7',, (lb-ft), required is easily calculated: 


Wk? xX (rpm) 


Pav = 308 


(1)* 


where 


rpm = initial slip speed 
Wk? = load inertia, lb-ft? 
t = time interval, sec 


The average torque actually developed may not be readily 
apparent from the pickup curve. For example, superim- 
posed on the pickup curve of Fig. 3 are curves repre- 
senting stops made from six different speeds with the 
same brake, current setting and load inertia. (Figure 3 
could also represent the same load being accelerated 
from rest to six different shaft speeds by an equivalent- 
size clutch.) In stops 1, 2, and 3, the braking torque 
rises rapidly (as the magnetic flux builds up) to ap- 
proach the pickup curve value determined by the current 
setting and initial slip speed; thereafter it follows the 
pickup curve to reach the value at rest. In stops 4, 5, 
and 6, the initial slip speed is so low that the load is 
stopped before the brake is fully energized. 


Average Torque Curves. The average torque (de- 
termined by dividing the area under each curve by the 
rpm base) is noticeably different for each initial speed, 
following the general pattern of the dashed curve in 
Fig. 3. The average torque, however, depends also on 
the load inertia. For higher load inertias, the braking 


* Does not take into account the effects of load friction or work performed during 
acceleration. Friction aids deceleration and opposes acceleration. For many applica- 
tions, inertia is such a dominant influence that friction effects can be safely neglected. 
Notable exceptions are loaded conveyors and mill drives. 
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torque would build up initially to a higher value before 
appreciable deceleration would begin and the average 
torque would be higher. For lower inertias, deceleration 
would begin after less initial torque buildup and the 
average torque developed would be lower. 

For time-controlled acceleration and deceleration ap- 
plications, brake manufacturers may provide average- 
torque curves such as are shown in Fig. 4. These are 
obtained from extensive tests at different initial shaft 
speeds, load inertias and current settings. With these 
curves and Eq (1), the equipment designer can select a 
unit capable of accelerating or decelerating the load in 
the required time, and also establish the related current 
setting. For example, the average torque required to 
stop an 8 lb-ft? inertia load from 1000 rpm in 0.4 sec is 


[Eq (1)]: 


one 8 X 1000 ae 4 
Taw = 308 Xx 0.4 = 65 lb-ft 


From Fig. 4, the current setting is found to be 0.21 amp. 


Thermal Rating. When a clutch or brake is to be 
operated repeatedly, the heat dissipation characteristics 
must be considered in addition to the torque require- 
ments. The energy input to a clutch or brake operated 
repeatedly is given by: 


ae eee RS . rpm \* - “ 
E =1.7X Wk x (Er) x (2) 


where 


E = energy input, ft-lb/min 
Wk? = load inertia, lb-ft? 
rpm = initial slip speed 


F = frequency, cycles/min 


This expression represents the kinetic energy dissi- 
vated in a clutch during repeated accelerations or in the 
brake during repeated stops. The ability of the unit to 
dissipate this energy depends on both its effective surface 
area and the armature speed. Figure 5 shows the heat- 
dissipation capabilities of various unit sizes as a func- 


1400 -— 


Stotic torque or ho ding 
torque after stop 


Magnet 


4 
build-up 


- 


1500 000 2500 3000 
Slip speed , rpm 


Fig. 3— Torque build-up vs slip speed for six different stops 
or starts at different initial slip speeds. 
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tion of armature speed for a maximum coil temperature 
of 250 F. Figure 6 shows the dissipation characteristics 
at three operating temperatures of the 814-in. diam 
clutch (brake) described in Figs. 2 and 4. 

The actual heat-dissipation capability, however, must 
be figured as a weighted average: 


E, = (zx ) + (z. xz) (3) 





oer 


ft-Ib 


Average torque, 


Slip speed, rpm 


Fig. 4— Typical curves showing average torque capabilities of 
a clutch or brake as a function of load inertia, initial slip speed 
and current setting. (814-in. diam unit, Fig. 2.) 
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Fig. 5— Heat dissipation capabilities of electric clutches and 
brakes as a function of armature speed for a magnet-coil tem- 


perature of 250 F for (a) integral- and (b) fractional-horse- 
power units. 
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Fig. 6 — Heat dissipation characteristics for various coil operat- 
ing temperatures of an 814-in. diam clutch or brake (Fig. 2). 


where 


E,, = average heat-dissipation rate, ft-lb/min 
E,, = heat-dissipation rate, armature stopped 
E, = heat-dissipation rate, armature running 
t, == total cycle time, sec 

t, == time armature is stopped, sec 

t, == time armature is rotating, sec 


For example, the 814-in. diam brake described by 
Fig. 6 is to operate on a repeating 15-sec cycle, stopping 
an inertia of 8 lb-ft? from 2000 rpm. The armature is 
rotating 10 sec and stopped 5 sec of each cycle. From 
Eq (2), the energy input to the brake is 21,800 ft-lb /min. 
The average heat-dissipation rate for an operating 
temperature of 250 F would be: 


E, = (10,000 x %) + (40,000 x 32’) = 30,000 ft-Ib/min 
Similarly, for a maximum operating temperature of 
200 F (Fig. 6), the heat-dissipation rate would be 
8.333 ft-lb/min. The operating temperature would then 
fall between 200 and 250 F, which is well within the 


brake’s thermal capability. 


Actuation Time. When a drive system calls for 
closely coordinated actions, clutch and brake pickup and 
release times become important. Since these units are 
inductances, it takes time for the flux to reach its steady- 
state value, and the torque, in turn, lags the flux because 
the armature must first move into contact with the magnet 
or rotor. When a clutch or brake is deenergized, how- 
ever, the torque decays at a faster rate than does the flux. 
Figure 7 shows the flux and torque build-up and decay 
curves for a typical device. 

Because the steady-state flux is independent of slip, 
whereas the steady-state torque is not, pickup and 
release times are defined in terms of flux build-up rather 
than torque. Flux build-up time is the time for the flux 
to reach 90 per cent of its steady-state value; flux decay, 
the time for the flux to decay to 10 per cent of its 
initial value. Note, in Fig. 7, that at 90 per cent flux 
build-up, the torque build-up is roughly 80 per cent; 
but when the flux has decayed to 10 per cent, the torque 
has dropped to 1 per cent. The torque-to-flux relationship 
during build-up and decay remains essentially unchanged 
regardless of clutch or brake size. 

Representative build-up and decay times for various 
clutch and brake sizes are shown in the “Normal excita- 
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Table Il — Reduction in Actuation Times Obtained 
by Overexcitation of 90-Volt Electric Clutches or 
Brakes (One Device) 


Build-up time, millisec? 


Nominal Normal | 

clutch or Decay | excitation Overexcitation 
brake time, ee —— 

diam, in. millisec! Supply A | Supply B Supply C 

Fractional-horsepower stationary-field clutches, replaceable-face 
brakes. 


% 
1% 
15% 4 12 
25% 23 36 
44 54 | 80 


3 7 





Integral-horsepower primary clutches and brakes. 





Supply A | Supply D 


5 20 55 14 
814 80 115 32 
10 80 150 45 
1244 150 300 90 
1514 150 350 90 





Integral-horsepower stationary-field clutches and replaceable-face 
brakes. 


814 80 160 58 
10 80 | 180 56 
1214 160 400 | 120 
15% 160 300 +| 125 


1 Flux decay to 10 per cent of initial value, torque to 1 per cent. 

* Flux build-up to 90 per cent steady-state value, torque to 80 per cent. 
Supply A—full-wave unfiltered (Fig. 8(a) ]}. 

Supply B—half-wave filtered (Fig. 9). 

Supply C—full-wave voltage doubler (Fig. 12). 

Supply D—voltage doubler with tungsten lamps (Fig. 10). 


tion” column of Table II. These values are taken with 
rated voltage (90 volts d-c in this case) from a regulated 
but unfiltered full-wave d-c rectifier. 

For straight power applications, where operating times 
are not critical, a clutch or brake is often selected solely 
on the basis of connected horsepower and shaft speed, 
with a variable service factor.* 

In many automatic-control applications, it is advisable 
to use the smallest clutch or brake that will do the job, 
particularly where pickup and release times are im- 
portant. A larger than necessary unit may actually take 
longer to accelerate or decelerate a given load because its 
own inertia is higher and its pickup time is extended, 
offsetting the gain in torque. 

One way to minimize clutch and brake sizes is to 
mount them (wherever possible) on the highest-speed 
shaft in the system. The reflected inertias of system 
components rotating at other speeds varies as the square 
of the speed ratio 


2 
effective Wk.2 = Wk, (tem ) 
rpm: 


* Service factors range from 1 for a light cooling-fan drive to 5 or more for an 
internal-combustion engine clutch-coupled to a single-stage refrigeration compressor, 
but is typically 2.25—the ratio of pull-out torque to full-load running torque for a 
NEMA Class B induction motor. A clutch whose nominal pickup curve (Fig. 1) 
exceeds the calculated torque will be capable of transmitting the full torque output 
of the prime mover, and a brake selected on this basis will be capable of stopping 
the load in at least as short a time as it would take the prime mover to bring it up 
to speed. 
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where rpm, is that of the clutch or brake mounting shaft.t 
The inertias of slower-speed components can thus have 
a considerably reduced effect, and vice versa. 

Voltage ratings for direct-acting electric clutches or 
brakes may range from 200 volts d-c or higher to 6 volts 
d-c or less. The most common ratings are 90 volts d-c 
(usually obtained through a simple half-wave rectifier) 
and 6 volts d-c. The latter can be battery-powered for 
mobile equipment applications (refuse packers or gar- 
bage trucks, road-paving machines and self-propelled 
grain combines, for example) and, as will be shown, are 
particularly suitable for transistor control. Clutches for 
automotive air conditioners and thermostat-operated fan 
clutches for trucks have 12-volt d-c coils, while clutches 
and brakes for aircraft/missile systems usually operate 
on 28 volts d-c. 


Basic Control Circuits 


Most of the control circuits to be described apply to 
combination clutch-brakes (where one is energized as 
the other is de-energized), but they can be adapted for 
single clutch or brake control. 

Figure 8 shows the basic clutch-brake switching con- 
trol circuits for 90-volt d-c units operating from a 115- 
volt single-phase line. With a transformer ahead of the 
rectifier, higher a-c voltages could be used. 


Switching Transients. When an energized clutch 
or brake circuit is opened, the collapse of the magnetic 
field produces a voltage surge that, unless suppressed, 
can produce severe arcing at the switch or relay contacts. 
As shown in Fig. 8, the most common method of suppres- 
sion is to shunt each coil with a capacitor (0.25 mf @ 
600 volts for 90-volt units or 1 mf @ 600 volts for 
6-volt units are the values used with Warner Electric 
units). The capacitors are placed across the coils rather 
than the contacts because capacitor failure might other- 
wise cause clutch or brake actuation. 


* When translatory motion is involved, the reflected inertia is 


V 2 
effective Wk? = W, ( oo. ! ) 
2m rpm 


where W’, is the weight (lb) of the translatory body, V; its velocity (fpm), and rpm: 
the clutch or brake shaft rpm. 





dr torque 


flux 


eni 


Torque decay —+————_++—___ 





| 


Flux decay 


80 100 
Time, millisec 


Fig. 7— Flux and torque build-up and decay for a 5-in. diam 
clutch or brake with 90-volt d-c excitation. 
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Care must be taken to avoid sneak circuits that might 
cause slow release of the armature by providing a cur- 
rent path for the reverse emf generated in the magnet. 
This is the reason for contacts on both sides of the 
potentiometers in Fig. 8, also why switching is done in 
the d-c leads, even for single clutches or brakes. With 
switching on the a-c side, current can continue to cir- 
culate through the rectifier as the reverse emf decays, 
thus extending the release time of the armature to as 
much as a second or more after the a-c circuit is opened. 

Care must also be taken to avoid sneak magnetic cir- 
cuits which might allow the flux from one unit to 
actuate the other if they are close to each other. Strategic 
placement of nonmagnetic shafts, gears, etc., will usually 
eliminate such problems. 


O~=—!15 volts , 25/60 cycles—»o 


Snap -acting 
Switch 


(c) 


Fig. 8 — Basic clutch and brake switching-control circuits: (a) 
basic on-off full-voltage control; (b) potentiometer used in 
either clutch or brake circuit (or both) to “soften” torque; 
(ce) relay-actuated circuit for automatic control from single 
maintained-contact switch (above) or with momentary-contact 
pushbuttons. 
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Fig. 9 — Control circuit for fractional-horsepower 90-volt clutch 
and brake units using a single silicon diode as a half-wave 
rectifier. 


amp bulbs 


Fig. 10—Lamp-bulb overexcitation circuit for integral-horse- 
power brake and normally excited clutch. 





Fig. 11 — Oscilloscope patterns of flux build-up for a 90-volt, 
12\4-in. diam stationary field clutch with (a) lamp-bulb method 
of excitation (pick-up time, 140 millisec) and (b) normal ex- 
citation (pick-up time, 420 millisec). Release time, 180 millisec 
in both cases; sweep, 100 millisec/cm. 


Rectifiers. Selenium rectifiers are the main choice 
for clutch and brake control systems because they can 
withstand voltage surges and are adequately protected 
by the coil-shunting capacitors. 

Pricewise, silicon rectifiers have become attractive, but 
they require more positive overvoltage protection than 
that offered by shunt capacitors. One such scheme is 
shown in Fig. 9, in which the surge protectors consist 
of back-to-back selenium disks—two suppressing and 
five blocking. These are 35-volt junctions; plate surge 
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racings are 600 ma. This configuration will clip an 8000- 
volt spike (not uncommon in clutch and brake circuits ) 
to 140 to 150 volts, or safely within the piv rating of 


the silicon diode. 


Overexcitation Circuits 

The inherent pickup time-delay of a normally excited 
clutch or brake may be desirable as a cushion against 
excessive shock loading from too-fast torque build-up. 
When faster action is sought, the pickup time can be 
reduced by more than half through the use of momentary 
overexcitation techniques. By switching a higher-than- 
rated voltage across the coil, and then reducing it to 
normal as the flux reaches its steady-state value, full 
torque is applied to the load much sooner, and accelera- 
tion and deceleration times can be reduced correspond- 


ingly. 


Lamp-Bulb Method. A common approach, Fig. 10, 
is to use a voltage-doubler rectifier circuit with two 
tungsten lamp bulbs (115-volt, 75-watt, “rough service” 
type) in series with the clutch or brake coil. When the 
brake circuit switch is closed, some 250 volts are im- 
pressed on the coil and the current rises rapidly to 
several times its rated value before leveling back as the 
bulbs warm up and increase their resistance to about 
10 times the cold-filament value. The brake voltage then 
decreases to 90 volts. 

The bulb warm-up time is of the right order of mag- 
nitude to achieve fast torque build-up without over- 
torquing and with only nominal flux overshoot, but with 
substantial reductions in the pickup time. Figure 11 com- 
pares the flux build-up with and without overexcitation, 
and the lower portion of Table II shows comparative 
pickup times. 

If the circuit of Fig. 10 is used to control only one 
device (either a clutch or a brake) without the normally 
excited unit in the circuit, both capacitors of the voltage 
doubler will charge to peak voltages of about 300 volts, 
resulting in somewhat faster pickup. 


Capacitor-Aided Methods. Fractional-horsepower 
applications may have too short a normal pickup time 
for the lamp-bulb method to be effective. Instead, ca- 
pacitors are charged to the desired voltage level and 
then discharged through the coil. In fact, just having a 
filter capacitor across the rectifier output in Fig. 9 
shortens the pickup time. And if only one device is used, 
the capacitor will charge to the a-c peak voltage, pro- 
viding even faster build-up. 

Capacitor-aided overexcitation with a voltage-doubler 
rectifier, as in Fig. 12, provides still-faster operation. 
The upper portion of Table II shows comparative build- 
up times for the two circuits operating from the same 
rectifiers as for a normally excited device. 


Underexcitation Controls 


An underexcited clutch will slip and drive the load 
at a reduced speed. Likewise, an underexcited brake will 
act merely as a drag, such as in continuous-tensioning 
applications. Underexcitation can also be used for on-off 
clutch and brake applications requiring extremely soft 
stops and starts. Time-delay excitation circuits can be 
designed that will apply a reduced excitation initially 
and full excitation later. Prolonged slipping or dragging 
can, however, lead to overheating of the friction surfaces 
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Fig. 12 — Capacitor-aided overexcitation circuit for fractional- 
horsepower clutches and brakes. 


and may require thermal derating to as low as 1% for 
continuous-slip applications. 


Some Precautions 


When a direct-acting brake or clutch heats up, its 
resistance increases, causing the current to decrease and 
the torque capability to be lowered. Where there is a 
problem in some holding-brake applications, the brake 
can be energized with a constant current source such as 
a parallel-pentode scheme. 

In using friction-disk devices for critical torque appli- 
cations, it is also well to allow for the effects of “friction 
fading.” This is an unpredictable phenomenon that can 
occur, for example, due to localized melting at the fric- 
tion surfaces from high thermal transients at the moment 
of impact of the armature and rotor or magnet when 
engaged at high slip speeds under heavy loads. 


Control Devices 

Switching currents for electric clutches and brakes 
can range from 500 ma at 90 volts d-c to 7 amp at 6 volts 
d-c, steady state. Duty-cycle rates can vary from 30 per 
min or less for the very largest units to as many as 
90 per sec for the very smallest. 


e Relays. For automatic-control applications, relays are 
usually a first consideration because of their multiple con- 
tacts (clutch-brake circuits often require DPDT switching 
arrangements) and low cost. Not all relays, however, are 
suitable for rapid duty-cycle or fast-pickup applications. 
Conventional machine-tool relays are too slow and do not 
have long enough life. Telephone-type relays cannot handle 
the inductive load; their contacts do not have the proper 
action. Mercury relays are slow and expensive. Reed-type 
relays are also too slow for many applications, and the 
wire types do not have the load capacity. 

The ideal relay for clutch and brake operation is one 
that will operate 20 million times at 20 cycles per sec and 
cost less than $5. It will be d-c operated to minimize its own 
pickup time. And to handle the inductive load, the contacts 
should have a spring-stressed common leaf with the leaf 
as short as possible. The stationary contacts should be spring 
mounted for wiping without bouncing and there should be 
common movement between them. There are now several 
relay designs meeting these requirements. 

e Thyratrons. Gas tubes will meet any switching re- 
quirement within the capability of a clutch or brake. But 
they are expensive, require a filament power supply, generate 
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heat and may present reliability problems. Transistors are 
superseding thyratrons, except in 90-volt clutch and brake 
circuits where switching transient voltages are too high. 
And even in the 90-volt circuits, some of the newer relays 
are replacing thyratrons in fast-switching applications (that 
is, up to 20 cps). 

e Saturable Reactors. While saturable reactors and mag- 
netic amplifiers have excellent reliability and can easily 
handle the switching currents, they are slow, expensive and 
too bulky for clutch and brake circuits. 

e Silicon Controlled Rectifiers. When the price gets 
down to $2.50 for a 120-volt (piv) SCR, these will probably 
find wide application in clutch and brake circuits. Low- 
voltage SCR’s have the current capacity for 6-volt clutches 
and brakes, while the 120-volt SCR’s can handle the 500 ma 
required for 90-volt devices. Switching time is fast. Because 
of their susceptibility to voltage surges, positive overvoltage 
protection is a must. 

e Transistors. Transistors are being increasingly used to 
switch 6-, 12- and 28-volt clutches and brakes but not, as 
yet, for 90-volt units where a 120-volt (piv) rating would 
be required. Their main application is in fast-switching, 
high-cycle applications where a 6-volt clutch or brake can 
be overexcited with six times rated voltage, using 50-volt 
(piv) switching transistors. Although high-voltage transistors 
have come into price range, their 8 characteristics vary too 
widely and cause circuit-matching problems. 

e Transducers. Input devices and transducers are the 
weak circuit links so far as life and reliability are concerned. 
Any switch or pushbutton used to open an energized clutch 
or brake circuit should, of course, be snap-acting. For pre- 
cise positioning with optimum repeatability, miniature limit 
switches have been used to switch clutches and brakes 
direstly, but at a sacrifice of switch life. Proximity switches 
have the needed life but require amplifiers. Among pressure 
transducers, SR4 strain gages have been found to be the 
most suitable. 





Fig. 13— (a) Basic transistor switching control for electric 
clutch-brake systems. (b) Pulse-controlled flip-flop added to 
basic switching circuit. 
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To circuit (b), Fig.13 


Fig. 14 — Overexcitation added to the pulse-controlled switching 
circuit of Fig. 13. 


In photoelectric devices, photodiodes are preferred over 
photovoltaic units for cost and size considerations. They 
can operate directly into a transistor flip-flop, although varia- 
tions in rise time from photodiode to photodiode can be 
significant. 


General-Purpose Transistor Control 


Where cycle rates are tight and pickup times of clutches 
and brakes must be held to a minimum, low-voltage units 
with transistor switching controls are being used more 
frequently. The general-purpose circuit presented below 
is applicable to both integral- and fractional-horsepower 
devices. It can be used as a simple switching circuit 
operated by a single maintained-contact switch or push- 
button [Fig. 13(a)]; as a flip-flop switching circuit ac- 
tuated by momentary-contact switches or pulses [Fig. 
13(b)] and with overexcitation of adjustable magnitude 
and duration (Fig. 14). 


Switching Circuit. The basic function of the switch- 
ing circuit, Fig. 13(a), is to energize the clutch and the 
brake alternately with switch S,. With S, open, transistor 
T. is nonconducting and 7, is turned on (by the nega- 
tive bias applied through R, and the brake coil) to 
conduct the clutch current. When S, is closed, 7, is 
biased on to energize the brake and, at the same time, 
remove the negative bias from 7, to turn off the clutch. 

The one critical circuit parameter is the value of R,, 
which must be large enough to keep J;, below the 
minimum brake pickup current—otherwise. the brake 
might act as a drag when the clutch is energized. Since 
contact S, has to carry only the base current of T., it 
should last indefinitely. 


Control Circuit. To control magnet switching with 
independent pulses of short duration (such as from 


momentary-contact switches, relays, proximity switches, 
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Table Ill — Reduction in Actuation Times Obtained 
by Overexcitation of 6-Volt Electric Clutches or 
Brakes 


Build-up time, millisec? 

Nominal 

clutch or 
brake 

diam, in. 


Fig. 14 
with 36 volts 
overexcitation 


Normal 
excitation, 
Fig. 13 


Decay 
[time, 
millisec! 


Stationary-field clutches and replaceable-face brakes. 
| 

1% 5 20 

2% 24 44 

44 34 72 

814 85 120 

10 80 130 

| 280 
154% 160 250 


wiscstash cata ale de las oll 


12144 | 140 


' ' 
Integral-horsepower primary clutches and brakes. 
5 22 36 

84 60 100 

10 80 120 

124% 130 250 

154 150 250 





1 Flux decay to 10 per cent initial value, torque to 1 per cent. 
* Flux build-up to 90 per cent steady-state value, torque to 80 per cent. 
Data applies to units of Warner Electric Brake & Clutch Co. 


photocells or pulse generators), a flip-flop is added to 
the basic switching circuit, as shown in Fig. 13(b). 
Switch S, is replaced by transistor 7, which is turned 
on and off by the bistable flip-flop circuit of 7, and 7;. 
A “clutch” signal pulse turns on 7, to turn off 7; and 
turn on 7,, while a “brake” pulse turns on 7’; to turn 
on T, to turn on T,. Resistance values for R; through 
R, depend on the signal input impedances. 


Overexcitation Circuit. An additional circuit (Fig. 
14) serves to apply overexcitation to both the clutch and 
the brake. Under steady-state conditions, 7,, T; and 7’, 
are off, while 7, is on. Upon switching, a negative decay 
pulse from the off-going magnet is fed back to the base 
of T, through added coupling capacitors C, or C;. This 
negative pulse switches 7, on, and a positive pulse ap- 
pears at the base of 7, to turn it off. Transistor 7, turns 
on and switches 7, on. The full voltage V,-,; is then 
impressed across whichever magnet is energized until 
the overexcitation circuit is reset. 

Transistors 7’, and 7, form a monostable flip-flop that 
resets when the positive pulse applied to the base of 7; 
has decayed. When 7, switches on again, 7, switches off 
and the clutch or brake excitation returns to its steady- 
state value, V,... The reset time is largely determined 
by the time constant R,,C;, adjusted to suit. 


Power Supply. The final power supply consists of 
two center-tapped, full-wave diode bridges connected in 
series. Voltage V,.. is the rated voltage of the magnets 
(6, 12 or 28 volts). Voltage V2, represents the over- 
excitation voltage. Typically, V,-. will be 6 volts while 
V.., will range from 6 to a maximum of 30 volts [with 
50-volt (piv) transistors] depending on the amount of 
overexcitation needed. Table III compares the actuation 
times of 6-volt clutches and brakes both normally ex- 
cited (per Fig. 13) and overexcited (per Fig. 14) with 
six times rated voltage (V,_, = 36 volts). OOO 
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TRANSIENT HEAT FLOW 


ROBERT P. BENEDICT 
Senior Development Engineer, Sleam Division 
WestTINGHOUSE ELECTRIC CORPORATION 
Lester, Pennsylvania 


Editor's Note: Controlling—and using—energy in all 
its forms are primary engineering purposes. For crea- 
Live action, these objectives pose the twin engineering 
problems of evaluating quantities, directions, rates and 
intensities, and of visualizing the space and energy in- 
terrelations. 

In modern system and component design, heat and 
temperature must be evaluated and visualized meticu- 
lously and in detail. Minute temperature differentials 
or asymmetrical heat distributions can destroy the ef- 
fectiveness of a gyroscope and system, for instance. 

As heat, energy will flow from region to region in 
obedience to fundamental but complex physical laws 
involving space, temperature, time and properties of 
materials. By eliminating variation with time—that 
is, assuming steady state—relative simplicity may be 
gained for some problems, but in other real situations 
the assumption may be grossly misleading. During a 
period in which the flow of heat into a system does not 
equal the outward flow, the condition is transient (or 
unsteady) and the various simplifying consequences of 
steady-state conditions are not valid. In the unsteady 
state, varying temperature distributions result in dy- 
namic mechanical stress distributions, system compo- 
nents may be at temperatures differing sharply from 
“ambient,” and fluids and bodies exhibit temperature 
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gradients rather than convenient but erroneous “‘aver- 
age’’ temperatures. 

One basis of heat-flow analysis is the Fourier heat- 
conduction equation. With time-dependency (unsteady 
state), the resulting differential equations are entirely 
too unwieldy for direct use in analysis. In ‘“Transient 
Heat Flow,” the author demonstrates a variety of prac- 
tical analytical methods based on splitting both the 
time and space fields into finite intervals and then con- 
sidering temperature gradients within these intervals. 
*articular attention is paid to scale and mesh selection 
and to other factors for assuring validity of the sub- 
stitution of equations of finite differences for the dif- 
ferential equations. 

The “stepwise” general method leads to approximate 
numerical, graphical and electrical-network analog 
approaches. These all have various merits and draw- 
backs, as discussed and demonstrated by the author. 

As our readers know from his “Thermoelectric 
Effects” article of about two years ago and his earlier 
“Thermistors and Thermocouples,” R. P. Benedict 
has been for many years deeply involved in tempera- 
ture measurement and thermocouple technology. He 
is the author of a number of ASME papers and has been 
active in ASTM projects relating to temperature in- 
strumentation and standards. A.E.R. 
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TRANSIENT HEAT FLOW 


Heat Conduction 


The empirical laws of heat transfer have been expressed (/ )* 
as: 

1. The quantity of heat in a body is proportional to its mass and 
to its temperature 

2. Heat flows from a higher- to a lower-temperature region 

3. The rate of flow of heat across an area is proportional to the 
area and to the temperature gradient normal to the area 


For a more quantitative basis, first consider an element of 


volume, dx, dy, dz, in the unsteady state—i.e., when the tem- 
perature of any part of the element is changing with time, 
Fig. 1. The difference between the rate of heat entering the 
element and the rate of heat leaving the element (the convected 
portion of the thermal energy) along all three axes must equal 
the rate of heat storage within the element when the element 
is free from sources and sinks. This condition prevails when, 
within the element, heat is neither introduced nor removed 
spontaneously. 

Specifically, the rate of heat entering the element along the 
x-axis may be expressed by Fourier’s heat-conduction equa- 
tion (2) as 

Qxin = (dy dz)k, a (1) 
ox 
where the partial derivatives have been used to indicate that 
temperature may vary not only with position, but with time 
as well. The difference between the rates of heat entering and 
leaving along the x-axis may be obtained by differentiating 
the expression for q, ,, with respect to x: 


0 aT 
AG xii out) = (dy dz) — (. Jas 


ax ox 


efer to Cited References at end of article 





Fig. 1— Plane wall element 
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The net rate of heat storage in the element is 
oT 
we — (3) 
al 
The difference between the rates of heat entering and leaving 
along all three axes may equal the net rate of heat storage: 


aT a aT 0 aT ( oT 
we— = — («, | + — (i, 7) ee (i | ) (4) 
al ax ax ay ov ez ~ @2 


which is known as the Fourier-Poisson equation for unsteady- 
state heat conduction. 

When the thermal conductivity is assumed to be indepen- 
dent of variations in temperature, time and position, the 
general heat conduction equation becomes 

aT 927 aT 
al ri 


ys a 
“4 stored = 


(5) 


where a@ combines properties of the element material (k/we), 
and is called the thermal diffusivity. 

When the temperature does not vary along the y and z axes 

i.e., when the heat is one-dimensional—the transient-heat- 
conduction equation reduces to 

oT 2T 

— =a — (6) 

at ax- 
Most transient-heat-conduction problems, while governed by 
the above laws and described by the above differential equa- 
tions, are difficult to treat analytically. Complex boundary 
conditions, large numbers of terms in slowly converging series 
solutions, and elusive roots of the transcendental equations 
involved—all contribute to the unwieldy nature of analytical 
treatment. The method of the Fourier series was developed 
by Fourier (2) when he faced the task of solving his basic 
equation. Exact solutions for solids of various shapes are 
available in the literature (3), but computations are tedious. 
For example, the solution for a finite hollow cylinder contains 
an infinite series whose terms involve roots of a transcen- 
dental equation in Bessel functions. (4,5) As an alternative, 
Eqs (4), (5), or (6) may be written as algebraic expressions by 
making use of Laplace transforms.(6) Nevertheless, from an 
engineering viewpoint, approximate methods offer the only 
practical means for solving transient-heat-conduction prob- 
lems. 

One approximate procedure, first used in 1911 by L. Bin- 
der (7), and extended in 1924 by E. Schmidt (8), is based 
upon replacing the differential Eq (6) by an equation of finite 
differences. This is done by splitting the time into finite inter- 
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vals (At), by splitting the space into finite intervals (Ax), and 
then considering the temperatures within these intervals. This 
amounts to making the approximations 

aT - limit T, t+ At T, _ AT 


Ss 7) 
at 4-0 At At ( 





and 
o27 


ax2 4-0 


a 2T t 27 
(Ax)? 


limit 


(8) 


where the degree of validity depends only on the size of Af 
and Ax. Thus, in Cartesian coordinates, Eq (6) may be writ- 
ten as 

AT A2T 

— = a —— (9) 
At (Ax)? 


while in cylindrical coordinates, Eq (6) becomes 


= 


LAT | 
r Ar | 


Al [ A2T 
= a|— 


Mt (Ar) 


1. 


(10) 


Equations (9) and (10) are used to obtain approximate solu- 
tions to one-dimensional transient-heat-conduction problems 
by graphical, numerical and analogical means. 

In the following sections we consider in detail: graphical 
procedures for various one-dimensional heat conduction 
problems, numerical procedures, an analogy which may be 
drawn between the electric-current and heat-flow fields, Lieb- 
mann’s stepwise analog method, the design of a practical 
transient resistance network analog, and finally, a compari- 
son of the various approximations when applied to certain 
sample problems. 


Graphical Procedures 


e The Plane Wall. Let any plane figure be divided into an 
arbitrary number of finite equal-space intervals of thickness 
Ax. Let time be stepped by arbitrary but finite intervals, Av. 
Consider the actual temperature distribution (at any one time) 
to be well represented by a series of straight lines connecting 
the temperatures at the boundary planes of the space inter- 
vals. Then, from Fig. 2, the slope of the line ab is 


. se 
AT\ 8 Fa = Peat (11) 
Ax ab 


The slope of the line bc is 


t, 2 (12) 
Ax /, 


The difference between these two slopes, per unit thickness, is 


a re ey ee 
(Ax)? 


(Ax)? — 
The change in temperature with time, for position x, is 
AT a Te at a (14) 

Al 


Combining these expressions according to the forward dif- 
ference approximation of Eq (9), we obtain 
T. +t i Sy ! 7 2T, + Tre axt 


antes! we Se (15) 
Al (Ax)? 
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or, rearranged in a more convenient form, 


2aAt i. eee gt Ree neg 


~ (Axp 2 


Fess ts 


i | (16) 


4 


From Fig. 2, it is seen that the temperature change in the time 


Fig. 2~-Temperature distribution for one-dimensional plane wall 





interval Af at position x is proportional to the difference in or- 
dinates represented in Fig. 2 by (7,_ 4, , + Tx 4 ax)/2 and 
I, ,. The proportionality factor is 2wAt/(Ax)?, but it is quite 


Cylindrical wall element 











Fig. 4--Temperature distribution for one-dimensional cylindrical wall 


Fig. 5--Temperature distribution for one-dimensional cylindrical wall, 
with adjusted scale 
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possible to choose Ar and Ax so that this factor always equals 
unity, since both time and space intervals are arbitrary small 
quantities. Either the time or space intervals may be changed 
according to needs, so long as the relation 2aAt/ (Ax)? = | is 
maintained. Thus, smaller intervals may be employed where 
greater accuracy is required, and larger intervals may be used 
when hurrying through regions of disinterest. If this is done, 
the temperature change per time interval is equal to the differ- 
ence in the graphical ordinates mentioned before. In terms of 
the new temperature at position x, Eq (16) becomes 

Ty — ax + Ths ax. (17) 


+ At ~ > 


Summary. For the case of heat conduction in a plane wall, 
the new temperature at any position at a time ¢ + Af is the 
simple arithmetic mean of the temperatures of adjacent posi- 
tions (separated by 2Ax) at atime’. This procedure provides 
a simplified graphical method for determining temperature 
distributions at any time, once an initial distribution is speci- 
fied. Note that this procedure, if carried to completion, leads 
to a straight-line temperature distribution in agreement with 
the analytic steady-state solution [i.e., Aq,,, = 0; therefore, 
a / ax(k,aT / ax) = 0 and a7 / ax = constant]. 

e The Cylindrical Wall. When there are area variations, as 
in a cylindrical section, Fig. 3, certain scale modifications 
must be defined before the Binder-Schmidt straight-line 
graphical procedure can be applied. Let any cylindrical 
figure be divided into an arbitrary number of finite equal- 
space intervals of thickness Ar. Let time be stepped by arbi- 
trary but finite intervals, \¢. Consider the actual temperature 
distribution (at any one time) to be well represented by a 
series of straight lines connecting the temperatures at the 
bounding planes of the space intervals. Then, from Fig. 4, 
the slope of the line ab is 


i Pee: I8 
iia. iF) 


slope of the line bc is 


AT\ Treas -T o 
ar}, Ar (19) 


difference between these two slopes, per unit thickness, 


MT _ 7, a - 2% t Trg ne 
a tn (20) 
(Ar)? (Ar) 
average slope over 2Ar is 
AT T, + Ar, t To ae t 


Ar 2Ar 

The change in temperature with time for position r is 
AT 
Al 

Combining these expressions according to the forward differ- 

ence approximation of Eq (10), we obtain 

Fi 2: r 

Al 


= Fete = To (22) 


(23) 


As in the plane-wall case, the factor 2aA1 /(Ar)? must be set 
equal to unity. With this established, the difference Eq (23) 
is expanded to 


os Ar na Ar 
ws r.. ae (I x) + Tran (t + ¥) (24) 


On comparing Eq (24) with Eq (17) for the plane wall, it is 
evident that the horizontal (space) scale must be distorted if 
the straight-line graphical procedure of Binder-Schmidt is to 


T 


r.t+ At 
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be used to obtain transient temperature distributions in cylin- 
drical walls. Note that temperatures must be weighted in a 
manner which favors the increasing area with its greater ther- 
mal capacity. Defining a new horizontal scale as A = f(r), 
the relation between the widths of adjoining sections (e.g., 
AX, and AA,) must be such that the intersection with the 
r plane (on the A plot) of a straight line between 7, ,, , and 
T,, ar, gives the solution of Eq (24). From the geometry of 
Fig. 5, if 6’ is to represent 7,,, 4,, then 

7 


nto 


2 


The necessary condition for Eqs (24) and (25) to coincide is 
r+Ar/2_ fF, 


AN, 
—— = ee (26) 
Ads vr=—Ar/2 


where 7, and 7, are the middle radii of the adjoining Ar layers. 
Thus, scale divisions AA must be inversely proportional to 
their corresponding radii: i.e., AA must equal Ar/7, and dA 
must equal dr/r, and therefore we can define the desired 
horizontal scale factor as A = Inr. 

Summary. For the case of heat conduction in hollow cir- 
cular cylinders, if temperatures are plotted vs In r/TFiane,, the 
new temperature at any radius at a time ¢ + At is defined by 
the intersection with the r plane of a straight line between 
T,_ 4,,and T,, ,,,. Thus, temperature distributions at any 
later time may be determined from any initial distribution. 
Furthermore, in the steady state (i.e., when a7 / (ar / r) is con- 
stant), the temperatures plot as a straight line when the ab- 
scissa is specified by A. In practice, AA factors are not in- 
finitely small, and the individual AA factors are derived on the 
basis of Ar/7, where F is the average radius of the space in- 
terval in question. As a check, the sum of these Ad factors 
is compared with the quantity In (r,/7,), and small arbitrary 
adjustments are made to ensure the equality 


T outer r 
SAA = dX = In 
r ri 


inner 


If we must deal with solid cylinders, the above check cannot 
be made, but the problem can be solved by setting the AA ratio 
equal to the inverse F ratio. 

e The Composite Cylindrical Wall. When there are varia- 
tions in thermal conductivity, as with heat flow through a 
metal pipe wall which is surrounded by a layer of insulating 
material, certain refinements must be made before the straight- 
line graphical method of finite differences can be used. 

The difficulty introduced by a change in k may be under- 
stood by applying the basic heat-conduction equation to the 
regions between two materials of different thermal conduc- 
tivities, when intimate contact is maintained between the 
materials (i.e., when interface thermal resistance is assumed 
to be zero).* With continuity of heat flow across the interface 


Tyg aT 


Or, / V4 Ora / lp 


kK 27) 
it is apparent that the temperature gradients in the two ma- 
terials must differ when the thermal conductivities are un- 
equal. This means that temperature vs A will not plot as a 
straight line across an interface, and consequently that the 
straight-line Binder-Schmidt method cannot be applied di- 
rectly in this region. This difficulty may be resolved (/0) by 
replacing one of the walls (say, wall B) by a thermally equiva- 
lent wall (say, wall E) such that kg = ky, Fig. 6. A straight 
lite drawn across an interface can now represent the tem- 
perature gradient in this vicinity, Fig. 7. 


*Cited Reference (9) indicates a method for treating problems when the contact resis 
tance 1s not zero. 
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Fig. 6——The use of the “thermally equivalent wall’’ for composite cylin- 
der: actual composite wall (a) and equivalent composite wall (b) 


Fig. 7—Graphical construction at composite wall interface 


Since the original thermal conditions of the problem must 
not be altered, this equivalent wall must have a thermal re- 
sistance and a thermal capacitance which are the same as the 
original replaced wall. The result of maintaining the proper 
resistance in the equivalent wall is an adjustment in the space 
scale against which temperatures are plotted. Maintaining 
the proper capacitance in the equivalent wall requires a change 
in the product we, a result which is important in that it affects 
the thermal diffusivity, a, of the equivalent wall. Diffusivity 
enters the picture through its influence on the size of the finite 
time and space intervals. It is, of course, quite desirable to 
maintain the same time interval throughout the composite 
wall. That is, 


At, = (Ar,)?/2a, = Ate = (Arg)? / 2a, (28) 
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This defines the ratio of the Ar factors on which the space 
intervals, AA, are based. 


oe 


Ar, a, | WECE 
Ar; | Ore W4l4 


Free choice of the Ar of wall A, for instance, may be tempered 
by the following considerations: 


i> 
WeCp [r3 
ee , 


Wala \FG 


1. Assacceptable time interval must result from Eq (28) 

An integral number results from (7, rj)4/Ar,. All other Ar 
ctors are then fixed by Eq (29). This adds a difficulty, namely, that 

Ar, may not be an integral part of (7 re. Reference (/0) indi- 

cates a method for handling this situation. In general, by decreasing 

the size of Ar,, this discrepancy can be reduced to any acceptable 


Vaiue 


Summary. For the case of heat conduction in a composite 
cylindrical wall, a uniform thermal conductivity is maintained 
throughout by replacing, with equivalent sections, all sections 
which have conductivities differing from some arbitrary refer- 
ence section. The equivalent sections offer the same thermal 
resistance and the same thermal capacitance to heat flow as 
the sections they replace. This amounts to an adjustment in 
the uniform plot of 7 vs A. Instead, T is plotted vs A, on one 
side of the interface, and against A,(k4/kg) on the other. 
Now, the new temperature at the interface at a time ¢ + Af is 
defined by the intersection with the interface plane of a straight 
line between 7, , and 7; ,. Note that resistance requirements 
fix the space scales, capacitance requirements fix the Ar ratios 
in the various sections, and the free choice of Ar, fixes the 
Ar interval throughout the composite wall. 

e Fluid Film on a Cylindrical Wall. When convective heat 
transfer must be considered, as when a fluid such as air or 
steam surrounds a wall, the graphical method must be modi- 
fied near the fluid-solid interface. Just as in the composite- 


wall problem, there is an interface separating two media of 


different thermal properties, and the heat-flow rates imme- 
diately adjacent to the interface are equated. However, un- 
like the composite wall, one of the media is assumed to have 
zero thermal capacitance (i.e., the film, having a negligible 
mass, can store no thermal energy, and thus responds in- 
stantly to a temperature change). In previous discussions of 
transfer in solids, the wall surface temperature was assumed 
to be known. When heat must pass from a fluid to a solid, the 
thermal energy passes by molecular conduction through the 
layer of fluid which is always present on the solid surface. 
A modified Newtonian equation (//) for convective heat 
transfer can be given as: 


qd, = h(dx rd0)(T4p — Ty) (30) 


relating the film coefficient A with the adiabatic* fluid tempera- 
ture 74, and the wall temperature 7y, where the latter must 
be determined by a heat balance across the wall. 

From continuity of heat flow across the fluid-solid inter- 
face, the slope (#7/#A) of the temperature distribution 
through the fictitious fluid film may be defined. 


h(dx rd0)(T4n — Tw) = —k(dxrd@)eaT/ar (31) 
This rearranges to 
oT (T4p ~ Tw) 


(32) 


ar/r k /hr,, 


Thus, a straight line drawn from T,4p to Ty, when the 74) 
ordinate is plotted at a distance (on the A scale) of k /hr,, 
from the solid surface, represents the temperature distribution 
within the film and has a slope at the surface as required by 
Eg (32). An imaginary section, having the same thermal con- 
ductivity as the wall (say, wall A), but having zero thermal 
capacitance, is constructed on the fluid side of the interface 
to permit application of the usual methods of graphical solu- 


*TAD T static + Bu 2Igcp where 8 
Jj Joule’s constant, g 


directed fluid velocity, 
specific heat capacity at 


recovery factor, u 
acceleration of gravity, and c, 
constant pressure 
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Fig. 8—Graphical construction at fluid-solid interface 
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Fig. 9—Typical complete graphical solution for temperature distrthu- 
tion through a fluid-solid interface. 


tion in this region. The space interval of this section is defined 
by Ar,/ro, where ro = 7, + Ar,/2, and where the (—) is 
to be used on the inner surface and the (+) on the outer sur- 
face, Fig. 8. 

Summary. For the case of heat conduction across a fluid- 
solid interface, the ordinate representing the adiabatic wall 
temperature is located at a distance AA; = k /hr, from the 
surface of the solid. Within this fictitious film, a space interval 
of thickness AX, = Ar, / ro is constructed to simulate an im- 
aginary section of the solid. A temperature 7) is defined by 
the intersection with the A, plane of a straight line joining 
T,p and Ty. The new temperature at the solid surface at a 
time ¢ + Ar may now be defined by the intersection with the 
fluid-solid interface of a straight line between 7), and 7, ,. 


Note: An outside film is handled in exactly the same manner as 
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the inside film, except for the case of a composite wall. In this case, 
since the A scale was changed for the second wall, the graphical 
spacing of the outside film must also be adjusted. Instead of the usual 
kg/hor3, the factor k4/kg is applied, resulting in an adjusted 
spacing for the outer film of k 4 / hor. 


An Evaluation of the Graphical Procedure. The graphical 
method (7,8,/2) has the great advantage of simplicity (see 
Fig. 9). Irregularities in temperature distribution or variations 
in thermal properties are easily accounted for by simple scale 
adjustments. Serious errors are not likely to be overlooked 


because of the regularity of the straight-line solution. Minor 
errors tend to spread themselves and average out as the = ‘‘u- 
tion proceeds. Accuracy depends on the fineness of time and 
space intervals, choice of scale, and precision of the graphic 
construction. (4) However, there is one serious limita- 
tion. Time and space intervals must be so related that 
aAt/(Ax)? = 1/2 in the cartesian coordinate system, and 
similarly in the cylindrical system. This means that a free 
choice of time and space intervals is not possible in the 
graphical method, as one is fixed by the other. 


Numerieal Procedures 


It is not a purpose of this paper to discuss in detail the vari- 
ous numerical procedures for solving difference equations of 
the form of Eqs (9) and (10). However, these methods can 
be evaluated briefly. Numerical procedures (/3, /4) are quite 
versatile, and the advent of digital computing devices to carry 
out the repetitive finite-difference solutions has only increased 
the usefulness of these methods. Explicit solutions in which, 
as described by Dusinberre, “each future temperature is con- 
sidered an explicit function of the present temperature of the 
region in question and of the other regions in thermal con- 
tact” are restrictive in that neither a free choice of time and 


space intervals is possible, nor is the simple graphical guide, 
aAt/(Ax)? = 1/2, adequate. Instead, stability criteria must 
be established (and heeded) if disconcerting oscillations in 
the solution are to be avoided. On the other hand, implicit 
solutions in which (again as described by Dusinberre) “future 
temperatures are functions simultaneously of each other and 
the present temperature taken singly” have been shown (/5) to 
be stable for any mesh size in time and space. Implicit numeri- 
cal approximations have at least one drawback. They involve 
the definition of many numerical relations with the result that 
the solution is unwieldy. 


Table I—Some Analogous Terms and Equations for the Electric-Current and Heat-Flow Fields* 


Electric current 


General terms (conduction) 


and equations 


Heat flow 
(conduction in plane wall) 


Heat flow 
(conduction in cylindrical wall) 








Charge Q, coulombs 





coulombs 

Flux dQ/dt, —— amp 
(current) — 

charge-flow rate 


dl amp 
dA’ ft? 


Flux 
density 


V, volts 
Potential . 


voltage 
dV volts 
ax’ ft 

field intensity 


Potential 
gradient 


Basic conduction 
equation 





Ohm's law 


coulombs mhos 


Conductivity ; ae ae 
_ sec-ft-volt ft 


Resistance dh 
(opposes flow of charge dR 
with time) _ 


dx volts 


: , ohms 
yA amp 


Basic storage equation 
Capacitance 
(opposes change of potential 
with time) 


C- dQ _ €A coulombs 
dV 


Ax’ volts 


‘ hick eA farads 
apacitance/unit thickness ae, 
Capacitance/u cknes (axp? ft 


«  farads 
(Ax)?” ft 
(permittivity) /(separation)? 


Capacitance/unit volume 


> 


y_ (av? fe? 


Diffusivity sax) RC ’ sec 





—_ . farads 


Q, Btu 


dQ/dt, Btu 
sec 


heat-flow rate heat-flow rate 


dq Btu 
dA’ sec-ft? 
flux density 


dA’ sec-ft2 
flux density 


ax 
temperature gradient 


temperature gradient 


al T 
k — (dy dz) =. (dx dé) 
ax or/r 
| Fourier’s law_ ; ee 
Btu k Btu 
“hr-fiedeg Fo 


Fourier’s law 


. ft-deg F ee _ 


dl dx deg F-sec dT 
q kyl’ Btu 


_ _ar/r deg F sec 
k2xL’ Btu 
Foal 
at 


40 
dT 


Btu ) . >», Btu 

oN C= pip h 

deg F ene deg f 

C Bt 
; = , ~= wel (ro + 7), = 
deg F-ft deg F-ft 
. " ; Btu 
we, Bw — 7 
deg F-ft? deg I ft 

weight density x specific heat cap weight density x specific heat cap. 
k (Ax)? f? k (Ax)? ft? 


we’ RC ‘sec we RC ‘sec 


wcA Ax, 


wee 


*Other analogies may be drawn between these two fields. Cited Reference (/6) indicates that entropy (Q/7aps) and not quantity of heat (Q) is analogous to electric charge when ther 
mal inductance must be considered. This alters most of the terms and equations given above, but thermal inductance is rarely considered 
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Heat balance 
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The conditions for an analogy to exist are: 


inalogous relations in uniform plane wall 
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The conditions for an analogy to exist are: 
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Fig. 12—Analogous relations in composite plane wall 


Current balance 
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Analogous Relations 


At least two conditions must be satisfied in order to estab- 
lish a valid field analog: 


1. The differential equations describing the two fields in question 


must be similar 


2. The physical boundary conditions must be related 


We need not search far for analogous relations in the heat- 
flow and electric-current fields, Ohm having preceded us by 
many years. In 1826,G.S. Ohm patterned his celebrated rela- 
tion after the equally celebrated relation of J. B. J. Fourier 
Thus, in the heat field, 


al 
qx = —(dydz)k,— 

WX 
while in the electric field, 


(da) moe (34) 
Ox 
where the analogies to be inferred are obvious. Table I pre- 
sents some of the most useful quantities and equations which 
are analogous in the electric-current and heat-flow fields, and 
which are pertinent to this study (see page 99). 


Liebmann’s Analogical Procedure 


Ve-Ax,t+At 


10— Liebmann’s basic resistance network 


Heat balance 





k(Ax Ad)| r 
Jou = —k(Ax AA) r + 


4 stored we(Ax Aé)rAr 


Gin q out 4 stored 0 


aAt aAl 


- T,) 4 
(Ar)? 2rAr 


(T, T,:) 
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The conditions for an analogy to exist are: 


ey mth 


Fig. 13—-Analogous relations in uniform cylindrical wall 
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The first practical method for representing transient heat 
conduction by an electrical analog was indicated in 1936 by 
the Dutch engineer Beuken. (/7) He used electrical resistors 
and capacitors to simulate their counterparts in the thermal 
field, recognizing that a scale factor, introduced to allow use 
of practical values of electrical resistors and capacitors, did 
not alter the results so long as the time interval was altered in 
the same proportion. In such an analog (/8, /9), finite space 
intervals are used while time is continuously variable, thus 
providing automatically proceeding solutions. We will not 
discuss in any greater detail the usual RC network analog; 


Current balance 

















Heat balance 
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The conditions for an analogy to exist are: 


a,Al 
(Ar)? 


= mi 2. Ry,/R, = l 


Fig. 14—Analogous relations in composite cylindrical wall 


instead, let us turn our attention now to a new electrical ana- 
log for transient heat conduction first mentioned by Lieb- 
mann (20) of England in 1951. This he described (2/, 22) as 
an electrical resistance network representing the difference 
equations which approximate the differential equations which 
define the problem to be solved. 

e The Plane Wall. A Liebmann resistance network in 
which voltages approximate temperatures, network resistors 
approximate spatial features, and series resistors approxi- 
mate the thermal constants of the heat-conduction problems 
is shown in Fig. 10. The voltages V,, corresponding to initial 
temperatures, are impressed at the boundaries O and M and 
throughout the analog at the free ends of the series resistors, 
R,, as at a’, b’, and c’. The new potentials, V, , 4,, corre- 
sponding to new temperatures after Ar, will appear at the 
nodes of the network resistors, R,, as ata, b and c. By suc- 
cessively applying these new potentials to the primed posi- 
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tions, the process may be continued for mAz intervals of time. 
Figure 11 illustrates the backward difference heat and current 
balances for a uniform plane wall (23), and indicates the re- 
quired conditions for an analogy to exist between the two 
fields. 

Summary. The new temperature at any position x at a time 
t + At is directly proportional to the voltage appearing at 
the node b of the equal-resistance network which corresponds 
to position in the plane wall. Either time or space intervals 
may be changed at will as the solution progresses, in accord- 
ance with the relation Ry ,/ R, = aAT/(Ax)?. 

e Composite Plane Wall. The basic resistance network 
applies for materials of a constant thermal conductivity. The 
network must be modified when the problem involves varia- 
tions in thermal conductivity, as discussed in the graphical- 
procedure section. For convenience, the space intervals in 
all materials are chosen to be equal* and intimate thermal 
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contact is assumed between the materials. Figure 12 illus- 
trates the backward difference heat and current balances for a 
composite plane wall, and indicates the required conditions 
for an analogy to exist between the two fields. 

Summary. The new temperature at an interface x; at a time 
t + At is directly proportional to the voltage appearing at 
the resistance network node 5, which corresponds to the inter- 
face position in the composite plane wall. Note that the ratio 
of network resistances Rg/ Ry, is independent of capacitive 
effects, in agreement with the fact that thermal resistance is a 
steady-state phenomenon, while the ratio Rp ;/ Ry indicates 
that the transient nature of the problem is introduced in the 
analog through the use of series resistors. 

e@ Uniform Cylindrical Wall. Figure 13 illustrates the back- 
ward difference heat balance expressed in cylindrical coor- 
dinates, the current balance, and the required conditions for 
an analogy to exist in a uniform circular cylinder. 

e@ Composite Cylindrical Wall. Combining the modifica- 
tions required for variations in thermal conductivity and 
cross-sectional area, the analogic conditions for the compos- 
ite cylindrical wall are presented in Fig. 14. 

e Surface Thermal Resistance on Plane Wall. All of the 
above examples concern internal relations only, but in the 
usual heat-transfer problem, surface resistances must also be 


*The condition allowing this choice is that the total thickness of each wall must be an 
integral multiple of the space interval chosen 


considered. Surface resistances may be divided into three 
classes: infinite, finite and negligible. Infinite surface resis- 
tances are commonly called adiabatic surfaces. These are 
approximated by well-insulated walls and by planes of sym- 
metry. Finite surface resistances are usually represented by 
heat-transfer films. Negligible surface resistances are approxi- 
mated when film coefficients are so high that T, = T, 


surface ambient: 


Thus, while the given networks apply within solids, they must 


be modified near the fluid-solid interface to account for sur- 
face resistance as discussed in connection with graphical pro- 
cedures. Figure 15 illustrates the heat and current balances 
and the analogous requirements for the cases of infinite, finite 
and negligible surface resistances on a plane wall. 

e Surface Thermal Resistance on Cylindrical Wall. As in 
the above case, appropriate relations are developed for vari- 
ous surface resistances on a cylindrical wall (Fig. 16). For 
thermal resistances on cylindrical surfaces, one must indicate 
whether the interface in question is at an inner or outer radius. 
The resistance ratios developed are for surface resistances on 
inner radii. If the opposite is true, all plus signs in these 
resistance ratios must be changed to minus signs, as would be 
apparent from a heat balance. 

All of the pertinent one-dimensional resistance ratios and 
Liebmann networks developed in this article are summarized 
in Fig. 17. A redundance of resistance ratios will be noted; 
this is for the convenience of the user, since some ratios are 
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The conditions for an analogy to exist are: 
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Fig. 15—-Analogous relations for surface resistance on plane wall 
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Current balance 
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The conditions for an analogy to exist are: 


Infinite surface resistance 
(adiabatic, R; > =<) 
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Finite surface resistance 
(film, R, = finite) 


2a At | 
(Ar)? \ 


{nalogous relations for surface resistance on cylindrical wall 


computed more easily than others in the various cases. Note 
also that the list could grow and grow, limited only by the 
patience of the tabulator and the degree of complexity tol- 
erated 

An Evaluation of the Liebmann Analogical Procedure. The 
Liebmann analogical method closely parallels the Binder- 
Schmidt graphical procedure in that finite intervals of both 
time and space are used. It is this attribute of stepping time 
which allows great flexibility in dealing with complex prob- 
lems in transient heat transfer. The Liebmann analogy is 
based on implicit (backward difference) relations so that time 
and space intervals may be freely chosen, independent of any 
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resistance ratios to minus signs 


stability criteria such as restrict both the graphical and the 
explicit (forward difference) numerical methods. 

A Practical Resistance Network Analog. This analog may 
be patterned after Liebmann’s basic circuit as given in Fig. 18. 
Operation of a one-dimensional transient analog might be 
as follows: 


1. Set all network resistors, R,, to simulate the steady-state thermal 
resistances of the problem 

2. Set all series resistors, Rp, to simulate the transient phase of the 
problem 

3. Set the electrical potentials, using R,, to simulate the initial 
temperatures at the various spatial positions in the thermal problem 
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Internal resistance ratios 


Surface resistance ratios 


Resistance on an inner surface has been considered here. If resistance occurs on outer surface, change all plus signs in resistance ratios to minus signs 


Note: There are two potentiometers per unit, one for feeding and 
the other for storage. A red light marked “‘storage’’ differentiates 
between these controls. Initial potentials are established by first 
setting them individually on the master potentiometer dial, R,». These 
potentials are then transferred to the storage units by throwing the 
proper measuring switch, S,,, and by rotating the corresponding 
storage potentiometer, Ry, until the meter indicates the null condi- 
lion, 


Fig. 17 
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4. Set the operation counter to zero. 

5. Trip the feeding switch, S; The operation counter should indi- 
cate 1, indicating that the first time interval is under consideration. 
Note: When the feeding switch is thrown, the function of the bank 
of storage potentiometers and the bank of feeding potentiometers is 
reversed. A red light marked “storage” will continue to differentiate 
between the banks. The analog is now set up to give temperature 
distributions at various positions after various time intervals. 


Some networks and resistance ratios for a stepwise, one-dimensional, transient-heat-flow resistance-network analog 


Series-network Appropriate 
Liebmann 


network 


resistance ratios 


Rox 
R, + Ax 


/ 


interface 


F r.*4r 
nter face 


Space and time intervals are uniform throughout a given problem 





r, +r 


Fig. 18—Circuit diagram of resistance-net- 
work analog for transient heat flow analysis, 
with one-dimensional network box circuit 
lower diagram) which is connected to the 
analog circuit by positive-action connectors. 


Circuit Notes 


Feeding resistors (Ry and Ry’): single wire, circular 
potentiometers without dial indicators, very low sliding- 
contact resistance. Total resistance, not more than 0.7 ohm 
power rating at least | watt. Linearity relatively unimpor 
tapj, resolution one part in one thousand 

Master resistor (R,,,): similar to above, except 
equipped with vernier dial indicator, linearity very impor 
tant and resolution one part in one thousand or better 

Feeding switches (S,): double pole, double throw, 


ganged to operate all switches simultaneously Very low 


cogtact resistance 
() Operations counter: electrical, to indicate number of 


reyersals of S 
S$) A-C null meter 


Storage switches (S,): double pole 


sensitivity, 0.5 to 1.0 microvolt 
individually 
operating 
Series resistors (Rg): resistance tolerance, +0.05 per 
10 ohms; R,, to Ryys, 12,000 ohms 
12,000 ohms 
and Ry» 


cent; resolution, 
Network resistors (R,): Ry,» to Ry» 

R 119,000 ohms « 100 ohms resolution; R, 

1,190,000 ohms 


(9) Measuri 


1000 ohms resolution 


ng switches (S,,,): same as above 


6. Store the new potentials which appear at the network nodes x, 
\55, and which correspond to temperatures at one time interval 
after the initial time. Nore: Storage is accomplished by throwing 
the proper storage switch, S,, and by rotating the corresponding 
storage potentiometer until the meter indicates a null 
Measure any of these stored potentials, as desired. NOTE: 
Measurement is accomplished by throwing the proper measuring 
switch, S,,, and by rotating the master dial until the meter indicates 


anull. The potential is read directly from the master dial 


Important that same voltage be 
impressed across all feeding 
potentiometers and masters 
Very-low-resistance 
Acopper bus bars 


8. Trip the feeding switch when all potentials at a given time inter- 
val have been stored, and when all the desired potentials have been 
measured. Note: New potentials of the previous time interval be- 
come initial potentials of the present time interval whenever the feed- 
ing switch is thrown . 

9. The process (steps 5-7) is repeated until the desired number of 
time intervals has been considered. Any of the resistors may be 
changed according to any schedule as time progresses, indicating the 
versatility of the transient analog 


Comparison of Various Approximations 


Two problems will be used to illustrate the various ap- 
proximate methods. Comparisons of the resulting approxi- 
mate solutions will be made against exact solutions to 
indicate their mathematical stability and convergence. The 
difference between the exact and any of the approximate 
solutions represents at the least a truncation error, and more 
generally represents in addition a round-off or experimental 
error. 


e Problem I. Given, an infinitely long plane wall with uni- 
form thermal properties (kK = 20 Btu/hr-ft-deg F, w = 
500 Ib/cu ft, c = 0.2 Btu/Ib-deg F), initially uniform tem- 
perature (0 deg F throughout), a half thickness (S) of 0.1 ft, 
and a negligible surface resistance. Determine the tempera- 
ture distribution throughout the wall with time after the 
surface temperatures, 7,,, undergo a step change of 100 F, 
and are thereafter maintained constant. 


Graphical Approximation. As discussed previously, the 
important quantity (Ax)? /a@Ar must equal 2 in the graphical 
method. This dimensionless mesh size is identical to the 
modulus M introduced by Dusinberre (/4) in his numerical 
methods. Fixing Ax at 0.02 ft., At becomes 0.001 hr. The 
space scale can be based on any convenient multiple of 0.1 ft 
(i.e.,.S). Similarly, the temperature scale can be based on any 
convenient multiple of 100 F (i.e., the complete temperature 
range). This graphical solution is given in Fig. 19, page 109. 


Explicit Numerical Approximation. This approximation is 
based on Eq(9), which may be written in explicit form as 
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r. it Yr, - as ti? T, t + T, + Ax,t 35) 





Because of symmetry, the problem can be shortened consider- 
ably by noting that, at the plane of symmetry (an adiabatic 
surface), Eq (35) reduces to 


2a 5 Say - 2)T. 
aye pa aeecnie a (36) 


where the subscript c indicates the adiabatic surface. Using 
the same space mesh as in the graphical method, five equations 
are required to specify temperature distributions through the 
half wall. For generality, spatial position will be described by 
the dimensionless number x/S, where x is measured from the 
centerline. Thus, we write Eq (35) for x/S of 0.8, 0.6, 0.4, 
0.2; and Eq (36) for x/S = 0. This method is seen to be 
quite simple, but certain stability criteria must unfortu- 
nately be satisfied, as mentioned previously. 

Implicit Numerical Approximation. This approximation is 
also based on Eq (9), which may be written in implicit form 
as 

Ve - anes ar + MTc1 + Tes acts a (37) 


5 


Again because of symmetry, the problem can be shortened 
by noting that Eq (37) reduces at the centerline to 
27. sure art MT 


Teot+ at = _—— (38) 
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Choosing a space mesh of 5Ax = S (i.e., Ax = 0.02 ft), six 
equations must be written to specify the temperature distribu- 
tion through the half wall. The six implicit difference equa- 
tions in explicit form are: 


T0144 = ATy + BTo8.1 + CTo6,1 + 


DT 94,1 + ETo2,1 + FT, 
HT, 
ITo 2,1 
ITo 4,1 
IT 96,1 
rar ~ ITo8,1 


Olas < as 
ITo2.44 at 
ee ITo4.1 + At 


To8,1 ‘ih ITo6.14 At 


Ty = IT9 { 


To2.14 at = 


To4,1 i > 


T 06.1 + 


10,14 Al 
T02,1 4&1 
To4.1 + At 


To6 1+ At 


where: 


A = 


2/K 

= 2M/K 

= 2M(M + 2)/K 
- 2PM/K 
= 2M(P 

- LM/K 

C= 


B 
c 
l 
E 1)(M + 
I 
(M + 2)/2 
H = M/2 
I =M+2 
J M 

= L(M + 2) 
f (P - 
P = 


2(P 1)(M + 2) 
1)(M + 2)? — P 
(M + 2)? - 1 


and, as consistently used throughout these problems, 
M = (Ax)?/aAt 


Analogical Approximation. This approximation is also 
based on the implicit form of Eq (9). However, no numerical 
solution of difference equations is required. Fixing Ax at 
0.02 ft, time intervals can be chosen arbitrarily. The proper 
Liebmann network will include a negligible surface resistance 
on a uniform plane wall with an infinite surface resistance at 
the plane of symmetry (see Fig. 20). The resistance ratios 
required to define the problem analogically are, from Fig. 17: 


Roi 


R, 


Ro ir 
Rs 


2aAt 2 
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NS 
olution 


~ 
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interface nterface 
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Fig. 20 
wall with infinite surface resistance at plane of symmetr\ 


Liebmann network for negligible surface resistance on a plane 


Ro3 


Ro 4 aA 


R, 7 (Ax)? 


With one resistance arbitrarily specified, all other resistances 
are defined. For example, when Ar = 0.0016 hr and R, = 
7500 ohms, we obtain 


Roi 2 12,000 ohms 
Ro, = Ro.2 = Ro.3 = Ro.4 = 6000 ohms 


The problem is now ready to be solved analogically. To halve 
the time interval, we simply halve all series resistors, Ro. 

Exact Solution. The exact solution is obtained by evaluat- 
ing a rapidly converging infinite series* representing the par- 
tial differential equation which describes the transient tem- 
perature distribution. The series may be written as 


US. | — — (¢-=/4co3— e 92°1/4 cos — + +: 
Ty x 2S 3 2S 


(40) 


where rt = at/S? and is called the Fourier number. All solu- 
tions to Problem I are summarized in Table II. 


*From Cited Reference (6), Eqs (13-35), p 262, or Eqs (13-49), p 272, apply in this 


case 
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Table li— 
Various Solutions to 
Diffusion Equation 
as Applied to a 

| Uniform Plane Wall 


Exact 
Implicit 
Explicit 
Implicit 
Analog 


Explicit 


Implicit 
Analog 


Explicit | 
Implicit 
Analog 
Explicit 

Graphical 


1.25 Implicit 
Analog 


Explicit 





The ratio Ty /§/T surface Was tabulated at a 7 of 0.384 after a 100 F step change in T surface 
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1.000 


| 1,000 


1.000 0.848 0.710 0.601 


0.705 
0.710 


0.597 
0.602 


0.843 
0.848 | 
0.708 


| 0.703 


0.711 


1.000 
1.000 
1.000 


1.000 
1.000 


0.846 
0.843 
0.848 


0.846 
0.844 
0.849 


0.599 
0.590 
0.603 


1.000 
1.000 


0.707 
0.704 
0.713 
indi $a 
0.844 0.704 
0.843 0.703 


0.850 | 0.715 
inom 


0.849 | 0.716 
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0.604 


1.000 
1.000 


0.594 
0.590 
0.608 
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0.504 | 
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0.504 
0.493 


0.509 
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0.496 
0.511 


0.498 
0.494 
0.516 


0.512 





0.841 
0.842 


95 322 


0.699 
0.698 
172.960 


0.586 
0.584 
218.254 








0.490 
0.488 
244.867 


0.512 
240.541 








R 


Fig. 21 —Liebmann network for finite surface resistance on a solid 
cylindrical wall with infinite surface resistance at the center 


e Problem II. Given, an infinitely long solid circular cylin- 
der with uniform thermal properties (A = 20 Btu/hr-ft-deg F, 
w = 500 Ib/cu ft, c = 0.2 Btu/Ib-deg F), initially uniform 
temperature (0 deg F throughout), an overall radius (r) of | ft, 
and finite surface resistance (A) of 200 Btu/hr-sq ft-deg F. 
Determine the temperature distribution throughout the wall 
with time after the ambient temperature (74) undergoes a 
step change of 100 F, and is thereafter maintained constant. 

Graphical Approximation. The quantity (Ar)?/a@At must 
equal 2, so choosing Ar = 0.2 ft, At becomes 0.1 hr. The 
space scale must be distorted to include effects of the varying 
area of the cylindrical body, as discussed previously. We 
simply have to evaluate five AA factors within the solid, 
AXg for the required imaginary section outside the solid, and 
AXgim, also outside the body. From Eq (26) we obtain 

Ar 0.2 
AA, = —= = = 2 
ry 
Similarly, AA, 
and 
0.2 Z 


= r (for the 


AX» = = 
1 + (0.2 / 2) 


outer surface) 


According to Eq (32), the film is located with respect to the 
outer surface by 
k 20 
AA gin +; *~faaen 
hr,, 200 (1) =10 


Any convenient space scale can now be chosen to plot these 
relative (logarithmic) thicknesses. The temperature scale is 
an entirely arbitrary choice. This graphical solution can be 
executed in the same manner as that shown for Problem No. I, 
Fig. 19. 

{nalogical Approximation. This approximation is based on 
the implicit form of Eq (10). Fixing Ar at 0.2 ft, we make 
use of the dimensionless number r/S to indicate spatial posi- 
tion. In agreement with the graphical approximation, a time 
interval of 0.1 hr is chosen so that the mesh modulus, M, is 2. 
Now we are able to set up the proper Liebmann network 
which will include a finite surface resistance on a uniform 
cylindrical wall with an infinite surface resistance at the cen- 


terline, Fig. 21. The resistance ratios required to define the 
problem analogically are, from Fig. 17: 


Ar\ 


(Ar/2) 


r, + (Ar/2) 


@ Ri, 


r, — (Ar/ 2) 


r, + (Ar/2 


ay S| 


r; — (Ar/2) 


r, + (Ar/2) 


/9y 
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a > 
| 


, 


rs + (Ar, 2) 


| 


> > 


te 


Ry ry — (Ar/2) 
With one resistance arbitrarily specified, all other resistances 
are defined. Setting R, = 6000 ohms, we obtain Ry, = ~, 
R, = 6000, R, = 2000, R; = 1200, Ry, = 857, Rs; = 667, 
Rr» = 300, Ro i; = 12,000, Ro ; = 1500, Ro » = 750, Ro 3 = 
500, Ro 4 = 375, Ro, j2 = 632 ohms. 

Exact Solution. The exact solution is obtained by evaluat- 
ing a rapidly converging infinite series* in Bessel functions 
(24), representing the partial differential equation which 
describes the transient temperature distribution. The series 
may be written as 


Fas 24 3 


ambient v= 


2J(x,) 


sey tage i iin baa e-* Jar/S? J x,r S 
She) + JAG o(/5) 


where x, = 2.17, x, = 5.03, x; = 7.96, and x, = 
Solutions to Problem II are summarized in Table III. 


10.94. 


*From Cited Reference (6), Eqs (13-65), p 277, apply in this case 





(exact) 
(analog) 
(graphical) 


0.922 


0.921 
0.915 





(exact) 
(analog) 
(graphical) 


The ratio 7,/5/T ambient 45 tabulated at a r of 0.2 and a 7 
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0.970 


0.968 
0.970 


of 0.4 after a 100 F step change in Tampbient 
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line 


ott 


0.384 


Fig. 19—-Graphical solution to Problem I (uniform plane wall). First 
join all “‘O0”’ points to locate the ‘1"’ points, then join all “‘1"’ points to 
locate ‘‘2"’ points, join all ‘‘2"’ points to locate the ‘‘3"’ points, and so on 
It will be noted that one-half the actual step in temperature has been 
taken for the first time interval only. This step is labeled 0' in the 
straight-line solution. This procedure is followed to avoid the unrealistic 
condition of temperature changing in alternate time intervals only. In 
this problem, S = 0.1 ft, Ax = 0.02 ft, a = 0.2 sq ft/hr; therefore, At 

0.001 hr. For rt = at/S* = 0.384, t = 0.0192 hr and the number of steps 


is therefore equal to 19.2 
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— Fold out for Fig. 19. 
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Symbols 


area, sq ft 

specific heat capacity, Btu/Ib-deg F 

thermal or electrical capacitance, Btu/deg F, farads 
total derivative 

base of natural logarithm 

gravitational constant, ft/sec? 


convective heat transfer film coefficient, Btu/hr-sq ft-deg F 


electric current 

mechanical equivalent of heat 
thermal conductivity, Btu/hr-ft-deg F 
total length, ft 

natural logarithm 

proportionality constant 
dimensionless mesh modulus 

number of time intervals 

heat flow rate, Btu/hr 

quantity of heat, Btu 

radius, ft 

thermal or electrical resistance, deg F-sec/Btu, ohms 
half-thickness, ft 

time, hr 

temperature, deg F 

fluid velocity component, ft/sec 
electrical potential, volts 

density, Ib/cu ft 

cartesian coordinates 

cylindrical coordinates 


thermal diffusivity, sq ft/hr 
velocity recovery factor 
electrical conductivity, mhos/ft 
finite difference 

general subscript in a series 
relative permittivity of a dielectric 
partial derivative 
dimensionless time modulus 

In r/ro 

angle, radians, degrees 
summation 
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The last is available in reprint form—see page 154— and includes 
both “Heat Flow Theory” and “Bessel and Gamma Functions.” | 
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The 


Permanent-Field 


Synchronous Motor 


The use of high-current silicon rectifiers to 
produce brushless synchronous motors is an 
advance in the motor art, but is not readily 
applicable to fractional-horsepower motor 


sizes. For these, the form known as perma- 


nent-field is most advantageous. especially 


when full use is made of newer magnetic 


materials. 


ASA Motor Definitions 


“A permanent-field synchronous motor is a syn- 
chronous motor similar in construction to an in- 
duction motor in which the member carrying the 
secondary laminations and windings also carries 
permanent-magnet field poles that are shielded 
from the alternating flux by the laminations. It 
starts as an induction motor but operates normally 
at synchronous speed.” 

“An inductor-type synchronous motor is a syn- 
chronous motor in which the field magnets are 
fixed in magnetic position relative to the armature 
conductors, the torques being produced by forces 
between the stationary poles and salient rotor 
teeth. Such motors usually have permanent-magnet 
field excitation, are built in fractional-horsepower 
frames, and operate at low speeds, 300 revolutions 
per minute or less.” 


DECEMBER 1961 
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Forms of Synchronous Motor 


Due to improvements resulting from new techniques 
and from continued study of design fundamentals, the 
general synchronous-motor situation has changed some- 
what since 1956, when the “Characteristics of Permanent- 
\lagnet Synchronous Motors” were first discussed. (1,2) 7 

There have been notable gains in the design of this 
type of machine, and its importance has now been recog- 
nized by its inclusion in the “American Standard Defini- 
tions of Electrical Terms—Group 10—Rotating Ma- 
chinery” (Approved as American Standard by the 
\merican Standards Association, May 21, 1957, and pub- 
lished by the AIEE), wherein it has been officially des- 
ignated as a “Permanent-Field Synchronous Motor.” 

It is evident from the definition that a permanent- 
field synchronous motor is an induction motor provided 
with a squirrel-cage rotor having a permanent magnet, 
or magnets, inside the cage to provide polarized d-c 
flux to the a-c stator to produce synchronous operation. 
The same operating principles as those utilized by the 
conventional d-c excited synchronous motor apply. The 
permanent-field principle, however, eliminates collector 
rings, brushes, field windings and exciter, thus greatly 
simplifying the construction. 

There is a size-range within which this specialized 


Formerly design and consulting engineer with the General Electric Company. 


’ Italic numerals in parentheses refer to Cited References at end of article. 





Fig. 1 





Rotor for four-pole Permasyn motor, with block-magnet construction. Four block magnets are mounted on a square steel 
I ’ » e 


shaft and shrink-fitted into the rotor lamination assembly. The interpolar slots ir the laminated ring are covered by the author’s 
U. S. Patent 2,525,455, and the use of axially extended magnets for area equalization (side view) by his U. S. Patent 2,643,350. 


motor can best be built. This is approximately 1/12 
to 50 hp (1800 rpm). Below 1/12 hp, the hysteresis 
or reluctance types may be preferable, because the mag- 
nets of a permanent-field motor may be so small as to 
limit the working flux. At the other end of the range, 
it is thought that the cost of the magnets would begin 
to offset the advantages of simplicity, and that field ad- 
justment may also be required for power-factor control 
in larger motors. These size limits are not rigid. however, 
and design studies should be made in border-line cases 
to determine the type of motor best suited to the applica- 
tion. If these studies show that a rating is clearly beyond 
the size-range of the permanent-field motors, then the 
choice would lie between the conventional d-c excited 
and the new brushless types. (3) 

Figure 1 shows the essential details of a typical four- 
pole rotor for a permanent-field motor. The arrange- 
ment of the teeth and slots would also apply to any other 
permanent-field rotor lamination having a_ different 
number of poles. Note the large slots and narrow teeth 
provided for the squirrel cage, which is preferably of 
cast aluminum. The radial depth of the steel ring under 
the squirrel cage bars is also very important, as it must 
provide sufficient area to carry the combined a-c and 
d-c fluxes under the condition of non-synchronous opera- 
tion, without too much saturation. On the other hand, 
when operating synchronously, the working flux will 
pass radially through the four polar areas and the per- 
manent magnet inside the rotor without much saturation, 
and if it were not for the four interpolar slots’ introducing 
carefully calculated air-gap reluctance, there would be 
excessive leakage between magnet poles and a great 
reduction in the d-c flux available for the stator, with 
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a corresponding loss of synchronous output. 

In this respect, the design of the rotor lamination is 
something like that of a holding-magnet. The inter- 
polar slots must be narrow enough circumferentially to 
permit a heavy flow of “keeper flux” when the rotor is 
air-exposed by removal from the stator but this leakage 
must drop to a low figure when the rotor is replaced in 
the stator so that most of the magnet flux will be avail- 
able for useful excitation. 

In the rotor, four separate block magnets and a square- 
section steel center containing the shaft are shrink-fitted 
inside the rotor shell. In assembling, the magnets are 
located angularly in the exact center of the poles of the 
laminations, measured at the mid-axial point of the rotor, 
so as to prevent the lamination spiral from overlapping 
the narrow interpolar spaces between the magnets. 

The rotor of Fig. 1 is typical of the best Permasyns* 
built about 1951 by General Electric. It was given the 
same rating as the parent induction motor (1% hp, 1800 
rpm), and showed about 2 per cent higher efficiency and 
power factor at rated load than the latter. It had a maxi- 
mum synchronous output of 610 watts—over 240 per 
cent of the rating. If hair-splitting of ratings had been 
desired, this synchronous motor could have been rated 
4/10 hp, and would still have had sufficient pull-out 
margin to satisfy the design requirement that a per- 
manent-field motor should be capable of developing from 
170 to 200 per cent of rated full-load torque when pulled 
out of synchronism on normal voltage and frequency. 

Another important requirement is that the characteris- 
tics of the motor be such as to enable it to pull into 


* The name ‘“‘Permasyn” has been adopted by General Electric Co. to cover one form 
of permanent-field synchronous motor of their manufacture. 
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synchronism the greatest possible inertia load. To meet 
this requirement, two design features must be empha- 
sized: (1) The squirrel cage must have as low a re- 
sistance as possible within the limitations of dimensions. 
This will insure the minimum percentage of induction- 
motor slip, and hence the minimum speed differential 
to overcome at the time of pull-in. (2) The steel rotor 
ring under the bars must have sufficient cross-section to 
prevent saturation under pull-in conditions, when the 
ring is carrying a heavy combined stator and permanent- 
magnet flux. 

Demagnetization, measured as a reduction of generated 
voltage caused by slipping the rotor in and out of syn- 
chronism on normal applied a-c voltage, was 20 per cent 
for the rotor of Fig. 1. having the deep triangular spaces 
between blocks, as compared to an older design having 
a single cylindrical magnet with shallow interpolar scal- 
lops, which suffered 40 per cent reduction of generated 
voltage under the same demagnetizing conditions. The 
magnet material in both cases was alnico 6. 

Referring again to Fig. 1, note that the magnet blocks 
are longer axially on the inside, where they contact the 
steel center. This increased length produces constant 
magnet area over the entire radial depth of the magnet 
blocks. 

It is fundamentally easier to develop a multipolar 
than a bi-polar synchronous motor. In a multipolar 
motor, the flux looping between adjacent poles will tra- 
verse a steel center or shaft in a series manner, which 
causes no reduction of magnet area; whereas, in a two- 
pole motor, the main flux must cross a rotor diameter, 
putting the shaft in parallel with the flux-path. Under 
this condition, while there will be some conduction of 
useful flux across the shaft, this gain will be more than 
offset by the fact that the narrow sections of the magnet 


on either side of the shaft will be partly short-circuited 


by the shaft. producing internal loops of non-useful flux 
which render much of the volume of the central part 
of the magnet inactive. This condition cannot be helped 
by the use of a non-magnetic shaft, which, particularly 
in small motors, produces a direct and serious loss of 
area in the central part of the magnet. 


The best way to obtain full power from a bi-polar, 
permanent-field synchronous motor would be to remove 
the shaft from the magnet. This has now been done by 
employing various design expedients (Fig. 2) and models 
have been tested which show the expected increase in 
output. (4) 

There is also another type of motor, the synchronous 
inductor motor, developed by the writer in the late 1930's, 
which may be considered as a slow-speed extension of 
the permanent-field type. (5) 

The large conventional synchronous motor or genera- 
tor, normally having a-c stator, d-c rotor field and 
exciter, can now be made without brushes or sliding 
contacts because of the availability of new high-current 
silicon rectifiers. (3) This improvement is notable, but 
it is not likely to bring the new brushless motor down 
to the size of a permanent-field motor, which requires 
neither exciter, rectifier, nor regulating controls. 

There has been a great deal of developmental effort 
expended in an attempt to produce a better reluctance 
motor. The writer believes that some improvement has 
been made, but the motor must still build up its working 
flux from the stator magnetizing current. This means 
lower power factor and efficiency than are obtainable 
when the excitation is supplied in whole or in part by 
a permanent-magnet field. There may also be some cost 
advantage in these improved reluctance motors, but this 
will be reduced when permanent magnets are improved 
in output and come down in cost as the results of 
developments now in progress. 

While reluctance motors may be built over the entire 
size-range of permanent-field motors, hysteresis motors 
have been limited to the smaller sizes (from 14 hp down 
to subfractional), such as clock or instrument motors. 
The starting, accelerating, and synchronizing torques are 
functions of the hysteresis loss in a rotor of specially 
selected and heat-treated alloy, caused by the fundamental 
forward revolving field of primary flux. Since there are 
no salients in the rotor, the slip-cycle time element is 
not involved in the pull-in and out of synchronism. The 
rotor merely drifts into step, carrying with it any inertia 
load, providing the hysteresis-loss torque is greater than 
the counter torque of the load. However, since there are 


Fig. 2 — Two of the various possible general design methods for rotors in which through-shafts are avoided. The stub shafts at 
the two ends may be knurled or equipped with pins or other projections and then held by inclusion in the cast-aluminum rotor 
cage (left), or the rotor magnet may be cast with projections at the ends which are then ground and shrink-fitted into the shaft 


stub end or a steel collar (right). 
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no salients, the rotor may synchronize in any angular 
position, which would make hysteresis motors unsuitable 
for certain applications such as rectifier drive. Reluct- 
ance motors, on the other hand, can be used for rectifier 
drive, but are at a disadvantage because a two-pole motor 
(for example) may pull into step in either one of two 
positions per revolution. when only one position will 


give the correct polarity to the rectified output. This 
fundamental disadvantage may require repeated starts 
until the correct polarity has been obtained, whereas a 
two-pole permanent-field motor will always pull into 
step in the correct position. This is an important and 
fundamental operating difference between these com- 
petitive types. 


Motor Magnet Materials 


In permanent-field motors, the important thing is to 
deliver the maximum amount of d-c flux to the a-c stator 
after normal demagnetization due to starting. pull-in. 
and air exposure of the rotor containing the magnets. 
Here. both high H, and high B, are important. High H 
is required to resist demagnetizing forces. and thus to 
retain the maximum percentage of the original flux and 
keep the radial magnet length short. High B, is required 
to keep the magnet area small and still supply the neces- 
sary working flux. The combination of short length and 
smail area results in keeping the manget volume down. 
which is vital—particularly in small rotating machines 
where there is very little room in the rotor under the 
cage for permanent-magnet material. This requirement 
would generally rule out the low residual ferrites. be- 
cause of the large area they require for the working flux. 

In general. ferrites are notable for their high coercive 
force, and have many applications for which they are 
eminently suited, but rotating machinery is not one of 
these because of the restricted rotor space noted above. 
Carrying this a step further, we may now formulate the 
general principle that the magnet characteristics found 
most desirable for rotating machines are not the same 
as those considered of prime importance when designing 
holding-magnets. loudspeaker magnets and similar de- 
vices. Not only is there a possibility of increasing the 
output of permanent magnets. but there is also a possi- 
bility of reducing the unit cost. (6) Development work 
is now in progress. and machines are already available 
which can mold the new. fine-particle magnets to the 


desired. dimensions closely, thus eliminating the cost 


of grinding the harder present-day materials. 

On page 63 of Cited Reference (6), in Table I, it is 
stated that elongated fine-particle magnets of iron-cobalt 
have characteristics of B, — 9059 and H,. — 1025. 
whereas the theoretical potentials are B 16.300 and 
H,. = 4100. It is probably too much to expect that the 
full theoretical characteristics will ever be realized, but 
if a half-way point could be reached, giving values of 
B, = 12.700 and H, = 2600, the permanent-field syn- 
chronovs motor would not only run synchronously, but 
would have operating characteristics far better than those 
of the parent induction motor. 

In this connection it was announced in May 1961 by 
the General Electric Magnetic Materials Division, Ed- 
more, Michigan, that their new elongated single-domain 
particle magnets will be given the name Lodex.* Ad- 
vantages given for the new material are: increased resist- 
ance to demagnetization, cost reduction due to the ability 
to mold to desired shape, and smaller size than existing 
materials to give the same performance. 

With reference to the harder materials, particularly 


* Trademark of the General Electric Company. 
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the alnicos, it is reported that new laboratory techniques 
have boosted the maximum energy product for alnico 
magnets from 5 to 11 million gauss-oersteds. (6) This 
is a remarkable achievement, partly brought about by 
the addition of 5 per cent titanium to the alnico 5 alloy. 
However. such alloys are still so hard as to require grind- 
ing. and must also have elaborate heat treatment in a 
magnetic field to bring out their ultimate properties. Both 
of these operations are expensive and difficult, and do 
not fit in with low-cost, high-production applications. 
It is the writer’s opinion, therefore. that the most power- 
ful (and also the most widely used) permanent-magnet 
material of the future will result from the ultimate de- 
velopment of the fine-particle magnets. 

The performance and output of permanent-field genera- 
tors can also be improved and increased, for a given 
frame size. by the use of the ultimate magnets described 
above. It would be better for this application to increase 
the B, above the 12.700 figure as much as possible, with 
corresponding sacrifice of H,. Perhaps this could be done 
by increasing the percentage packing of active material 
(iron-cobalt particles) in the total magnet volume. The 
reason for this recommended shift of characteristics is 
that the degree of generator-magnet demagnetization. 
even after short circuit, is very much less than that which 
occurs in a permanent-field motor when it is pulled in 
and out of synchronism. 

It is quite possible that the higher-output. lower-cost 
synchronous motors. or generators, resulting from the 
development of the ultimate magnet material may stimu- 
late applications having large-quantity production, which 
do not exist today because there are no suitable power 
units available. It may even be that the final evolution 
of the permanent-field synchronous motor will enable it 
to replace induction motors in certain applications where 
its higher efficiency and power factor will effect a worth- 
while saving in input power, and where the elimination 
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of slip-noise may be an additional advantage. 900 
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Electrical 
Noise Control 


High-speed, solid-state circuits have placed 
severe demands on the designer with respect 
to the suppression of unwanted electrical 
noise. Both power-distribution and low-level 
signal circuits must be treated with consid- 
eration in the choice of wire, wiring devices, 
filters, layout, etc. The suggestions given 
here were developed as the result of a study 
of noise in large-scale data-handling sys- 
tems; they are equally applicable, however, 


to many of today’s complex control systems. 


J. E. CURRAN 
Development Laboratory 
INTERNATIONAL Business MACHINES CORPORATION 


Endicott, N. Y. 


ELECTRICAL NOISE becomes a problem to the circuit de- 
signer when the following conditions exist: 


a. There is a source of noise, either steady-state or 
transient. 

b. There is a way for the noise to get into the circuit, 
either by direct connection or by electrostatic or electro- 
magnetic coupling. 

c. The circuit is capable of malfunctioning due to the 
presence of the noise. 


All three of these conditions must be present for a prob- 
lem to exist. The elimination of any one will eliminate 
the problem. 

Occasionally, in the design of a large system (a large- 
scale digital computer, for instance) too little time is 
devoted to the a-c and d-c power-distribution circuits in 
comparison to that spent on the design of the signal cir- 
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cuits. More time initially invested in studying the dy- 
namic characteristics of power-distribution systems would 
result in the early elimination of the problems caused 
by noise. Under steady-state conditions, any a-c or d-c 
distribution system will be sufficient, provided the maxi- 
mum voltage-drop requirements are met. However, since 
a commercial source of a-c power is subject to various 
electrical disturbances, one must consider the frequency 
and amplitude of these anomalous characteristics when 
designing the distribution system. A similar problem 
exists with the design of the d-c distribution system when 
the current demand is not steady-state. 

High-speed, solid-state circuits place severe restric- 
tions on the power-distribution and communication-lines 
design of a system. Circuit parameters which were 
of littlke importance in the design of vacuum-tube 
equipment are of major importance in the design of 
solid-state circuits. Devices such as transistors require 
relatively high currents and low voltages in comparison 
to vacuum tubes. Assuming that the d-c input power 
required to perform a certain function is the same for 
either a vacuum-tube or a transistor circuit. a comparison 
may be made of the d-c input power distribution-line 
parameters for both circuits. Assume that the d-c operat- 
ing voltage for the solid-state circuit is 1/20 that of the 
vacuum-tube circuit. All circuit parameters for the solid- 
state circuit, including the d-c distribution lines, must 
then be adjusted by a factor of 20°, or 400. The reduc- 
tion of impedance in the solid-state device is automatic. 
Its wiring resistance and inductance should be reduced 
by 1/400 and its capacitance increased 400 times. The 
reduction in resistance can be accomplished by increas- 
ing the cross-sectional area of the conductors. Increasing 
the area of the conductor by 400 times will result in 
only a relatively small decrease in inductance. This re- 
quires special techniques. An increase in the capacitance 
cannot be obtained with conventional wiring geometry. 

We usually think of a large copper plate such as 
shown in Fig. l(a) as a low-impedance conductor. In 
the case of vacuum-tube circuits, the plate would be a 
satisfactory conductor since the voltage drop for current 
pulses with fast rise times would be small in terms of the 
vacuum-tube impedances and voltage levels. This is not 
true in the case of low-voltage. low-impedance solid-state 
circuits. In this case. a current pulse having an “up” 
level of 0.1 amp and a rise time of 0.05 psec would 
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produce a dynamic voltage drop across the plate of 


e = Lidi/di) = (2.0 X 107 X 107)/G X 10°) = 0.4 volt 


This voltage drop is relatively large compared to the 
low voltages generally used in transistor circuits. Also, 
it is a possible source of noise which may adversely 
affect the circuit operation. 

Increasing the thickness of the plate as shown in Fig. 
lib) is effective in reducing the resistance, but has 
negligible effect on the inductance. Two plates separated 
by 0.05 in. [Fig. 1(c)] reduce the inductance about 167 
times. It is interesting to note that the twisted pair of 
No. 20 insulated wires [Fig. 1(d)], the same length as 
the plate, has a lower value of inductance than the single 
plate. On the other hand, the single wire [Fig. 1(e) ] 
has almost twice the inductance of the copper plate. 

To obtain low inductance values, conductors must be 
placed close together to reduce the magnetic field. A 
pulse of current flowing in one side of a circuit causes 
a magnetic field to surround the conductor. The pulse 
current returning from a load in the other side of the 
circuit causes another magnetic field to surround the 
conductor. The two fields are 180 deg out of phase with 
each other. If the two conductors are not physically close 
to each other so that the fields tend to oppose each other. 
the two fields may be considered to be a source of noise. 
Also, when the conductors are close together, the magnetic 
field is concentrated between them so they tend to be 
less of a source of interference. 

A single wire which is part of a signal-carrying cir- 
cuit and is subject to the environment of a changing 
magnetic field will have induced in it a voltage, E = 
—Nd¢/dt. Whether or not this unwanted induced volt- 
age causes a circuit malfunction depends on the total 
circuit impedance and sensitivity. The intensity of the 
magnetic field varies inversely as the square of the dis- 
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Configurations of various types of conductors. 


tance between conductors. Low-inductance lines, such 
as twisted pairs, are less susceptible to induced voltages 
since both lines are subject to the same field. Therefore, 
the induced current is small. If it were possible to obtain 
perfectly symmetrical twisted pairs and a uniform mag- 
netic field, there would be no induced voltage. Since this 
is impossible, # is desirable not to run low-signal lines 
near lines carrying high-amplitude, fast-rise-time pulses. 

Machine Design Considerations. Certain aspects 
of the mechanical design of a system are important in 
noise reduction considerations. The metallic framing 
members should be free of paint and protected against 
corrosion by plating which will assure low contact re- 
sistance. The sub-assemblies must be securely fastened 
to the machine structural members to assure low contact 
resistance. At each shock-insulating device (if used). 
shock-mounted assemblies must be electrically bonded 
to the frame using the shortest possible wide, flexible 
conductor. 

Each single-unit machine. which may be used with 
other machines to form a complete installation or a 
system comprised of several units, should be provided 
with a copper ground-reference bus. This bus should be 
located at the bottom of the machine and run the entire 
length. The bus should be securely bolted at the inter- 
sections of the framing members. 

Special consideration must be given to circuits which 
operate from low-level inputs (for instance, photocell 
circuits where the input may be as low as 10 microvolts). 
In situations of this kind. the circuits should be enclosed 
in a water-tight compartment to which a single-point 
ground connection is made to the machine ground bus. 
All voltage supplies entering the compartment should be 
by-passed with feedthrough capacitors located as close as 
possible to the compartment grounding point. 

A-C Power Distribution. Transient voltage disturb- 
ances, caused by changing load conditions, are present 
in any public-utility power system. These disturbances 
take the form of voltage surges, often followed by a 
damped oscillation, superimposed on the normal voltage 
waveform. The magnitude and rise time of the surge 
will depend on the nature of the system load change 
and the values of inductance, resistance and capacitance 
of the circuit. Such voltage disturbances are known as 
conducted power-line noise. The magnitude of conducted 
power-line noise may be high in relation to the system 
voltage, and it may appear from line-to-line or line-to- 
ground (or to whatever serves as ground, such as a 
conduit). 

At the fundamental power frequency, current flows in 
readily defined paths. During a switching surge, how- 
ever, when the current rise-time is fast, circuit parameters 
which normally have no appreciable effect become im- 
portant. During the switching operation, and for a short 
period of time thereafter, we are therefore concerned 
with the high-frequency equivalent circuit of the dis- 
tribution system. During steady-state operation, the cur- 
rent flow in the conduit of a power-distribution system is 
small and there is very little voltage drop. During a 
switching operation these conditions change. 

Shown in Fig. 2 is a single-phase motor connected 
between one line of a three-phase supply and neutral. 
When the motor is started, there is a high inrush current 
with a fast rise time. The distributed capacitance between 
the motor’s winding and frame will be of sufficient size 
to allow a large part of the transient current to flow 
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in the ground wire and conduit to the neutral. The 
voltage gradient in the conduit will be determined by 
the conduit inductance and resistance and by the rate 
and magnitude of the current change. It would be dif- 
ficult to maintain satisfactory operation of a sensitive 
computer or control system which received power from 
a distribution system under these conditions. 

Whether or not a system will malfunction due to the 
transient disturbance described above will depend on the 
effect of the magnetic fields induced by the transient 
current flowing through the metallic frames of the 
system. In cases where one part of the system receives 
power from a circuit such as that shown in Fig. 2 and 
another part of the system receives power from a differ- 
ent supply, transient potential differences between the 
two can be expected. These potential differences may 
cause system malfunctions. Disturbances resulting from 
voltage changes in the conduit will be referred to here- 


Fig. 4 — Noise-sup- 
pression circuit for 
motor power supply. 
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Fig. 3— Grounding circuit for systems receiving power from 
several sources. 


<€é 
Fig. 2— Distribution circuit 
power to a motor. 


(during switching) supplying 


after as “ground-shift disturbances.” 

Systems comprising several machines which are subject 
to malfunction due to ground-shift disturbances should 
receive power from separate services as shown in Fig. 3. 
The wiring should be a conduit. A grounding wire should 
be provided and connected to the same earth connection 
point as the power service. A choke which will isolate 
the high-frequency ground-shift disturbances but will 
offer a low impedance to 60-cycle fault current should 
be used in the connection to the frame. The choke must 
have a low distributed capacitance to be effective at 
high frequencies. A high-permeability ferrite toroid with 
a few turns of wire will produce sufficient inductance 
and low capacitance. 

When the system itself contains motors which are 
turned on and off during the time that the sensitive cir- 
cuits in the system are in operation, it is necessary to 
take special precautions with the wiring. As shown in 





Fig. 4, a filter should be provided in the motor branch 
of the power supply as well as in the supply to the 
electronic circuits. All wiring should be twisted pairs 
or Type SJ cable and should be enclosed in conduit. 
The motor contactor should be completely enclosed in 
a metal box. The control circuit to the contactor should 
be de-coupled with feedthrough capacitors. The surge 
suppression diodes across the motor terminals should 
be of the type that have a very sharp break in the current 
vs voltage characteristic. 

The use of line filters to attenuate conducted power- 
line noise does not permit the use of poor a-c wiring 
practice. For instance. a single line not referenced to a 
return line can form a loop antenna and be subjected to 
radiated magnetic fields. A radiated field will cause 
current flow in the single a-c line and produce a noise 
source capable of affecting circuits which are sensitive 
to re-radiation. 

Signal-Circuit Wiring. Systems which are not elec. 
trically shielded are exposed to an environment of un- 
wanted radiated magnetic fields. The switching of a 
motor or some other high-inrush current device near a 
sensitive system can cause a radiated magnetic field of 
such intensity that malfunction of the system will occur 
unless proper consideration is given to the design of 
signal-carrying circuits. Magnetic fields may also induce 
current flow in the metallic frame members of a machine. 
This current, in turn, will induce a magnetic field in 
another section of the system which may be near a 
sensitive circuit. 

The usual practice when interference is a problem in 
a system is to reduce the noise to acceptable levels at 
its source. This is not always possible. however: nor is 
it always practicable to enclose a system in a shielded 
room. The practical solution is to use low-inductance 
wiring techniques and thereby reduce the sensitivity of 
the system to magnetic fields. 

The practice of sending signals over a single wire 
and using the d-c ground line as a return is not recom- 
mended. In such cases, the circuit inductance is high 
due to the large loop formed. This large loop is highly 
susceptible to magnetic fields, which can cause current 
flow in the loop circuit and bring about a malfunction 
of the system due to the voltage induced. 

The common d-c return has another disadvantage: a 
step change in current caused by one of the signal cir- 
cuits will modulate the other circuits to an extent 
determined by the magnitude and rise time of the signal 
current and the impedance of the return line. This can 
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cause a malfunction in the other circuit. When low- 
inductance wiring is used for signal circuits, the current 
flow will be in properly defined paths and will reduce 
to a minimum the induced noise in other circuits. There- 
fore, all signal circuits should use twisted pairs or 
coaxial cable. 

D-C Distribution. The maximum allowable resistance 
of power-distribution lines is determined by the peak 
current demand and the maximum allowable voltage 
drop in the lines. To determine the size of the copper 
conductor required (at 40 C), the following formula 
may be used: 


1.207 X 16:LI 


(d-« supply voltage) (per cent voltage drop) () 


where 


I total length of conductor, in feet. from power source 
to load and return 
peak current flow in amp 
cross-sectional area of copper conductors in circular 
mils 


All d-c 
pairs. or pairs of plates located close together. In cases 
where the size of the conductor as determined by Eq 
(1) is so large that it is dificult to use. more than one 
twisted pair should be connected in parallel. If d-c dis- 
tribution must be provided over a considerable distance. 
consideration should be given to the use of a buswork 
such as that shown in Fig. 5. This design has good 
dynamic and steady-state characteristics due to low re- 


distribution lines should consist of twisted 


sistance and inductance. 

It is interesting to note, in the bus design shown in 
Fig. 5, that dynamic currents will concentrate in the 
region where the plates are close together and that steady- 
state currents will be distributed uniformly through the 
plates. If wider spacing were used between the plates. 
the dynamic current would flow on the surface of the 
plates and result in a large dynamic voltage drop due to 
the higher impedance caused by 
creased resistance due to the skin effect. 

A six-plate d-c distribution bus is shown in Fig. 6. 
The d-c resistance of the individual plates is the same 
as for those in Fig. 5. The inductance of adjacent plate- 
pairs is approximately 57 per cent of that of the plates 
in Fig. 5. The bus shown in Fig. 6 is for the distribution 
of three d-c voltage levels, each level using adjacent 


inductance and_ in- 


pairs of plates. 

Closely spaced plates whose lengths are long in rela- 
tion to their widths will have an inductance value given 
by the following: 


0.56 . . 
L= = ad microhenr y per [t 
D 


where 


= spacing between buses 
w == width of buses 


From Eq (2), the inductance of the distribution bus of 
Fig. 5 is determined primarily by the portions of the 
plates separated by the 0.0l-in. insulation. The actual 
value of inductance would be somewhat less, but for 
all practical purposes it is 


0.56 * 0.01 
; 0.5 


0.0112 microhenry per ft 
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Fig. 6-—— A low-inductance distribution bus for three d-c supply 
circuits (six lines). 


Knowing the area of the conductor in circular mils, the 
length of the conductor pairs, and the current, the follow- 
ing equation can be used to obtain the voltage drop: 


24,140LI 


ae 


millivolts (at 40 C) (3) 


where the symbols are the same as in Eq (1). 

In cases where the current and length of the conductors 
are not known and a means of evaluating the design is 
desired, Eq (3) may be expressed in the following form: 


9 
V'= a = millivolts/amp/ft of conductor pairs (4) 


The cross-sectional area per plate of the bus in Fig. 5 
is 139,234 circular mils. Substituting this in Eq (4), 


24,140 es Se 
= 139.934 - 0.1735 millivolts /amp/ft 


\ plot of V’ vs A based on Eq (4) is shown in Fig. 7. 

De-Coupling. In cases where a circuit demands a 
transient, high-amplitude, fast-rise-time current, it is usu- 
ally necessary to de-couple the circuit from the d-c supply 
to limit the dynamic voltage drop and to keep the noise 
voltage on the supply within limits. We may assume 
that, at the output terminals of a laminar d-c bus which 
supplies many circuits, the impedance of the laminar 
bus is low with respect to the total d-c resistance of the 
circuit being supplied and may be neglected in the 
design of a de-coupling circuit. Only the resistance and 
inductance of the d-c distribution wiring from the bus 
terminals to the point of de-coupling will be used. These 
impedances are indicated as L and R in Fig. 8. In the 
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lig. 7—- Voltage drop per ampere per foot of copper conductor 
pairs vs conductor area (at 40 C). 


figure, C is the value of de-coupling capacitance required 
to limit the noise voltage to a specified value, and Z, 
is the maximum allowable impedance of the circuit at 
the de-coupling point. The value of Z, is calculated from 
the following equation: 


4 (d-c voltage)(per cent noise tolerance) 
* “(max peak-to-peak transient current) 100 


(5) 


The minimum value of de-coupling capacitance may then 
be found from the equation 


i , a hs 
C : | t y3 + Re |e (6) 


As an example, assume that L = 0.43 microhenry and 
R = 0.02 ohm. The supply is 6 volts d-c and the maxi- 
mum noise tolerance is 1 per cent. The transient current 
demand of the circuit is from zero to 0.1 amp at the 
fastest possible rise time. Then, 

6X1 


Peg ee om 0: 
4, 0.1 X 100 , 





Fig. 8 — De-coupling circuit for d-c supply. 





Fig. 9— Chart for determining de-coupling capacitance when 
series inductance and resistance are known. 


Fig. 10 — Correction curve for determining de-coupling capaci- 
tance when there is a steady-state value of d-c current. 
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Fig. 11—“L” filter for use when noise is present in power 
source. 


‘ ae - 
2 oS ee 
-=se Sal + 1 +o oe | = 36.3 uf 


This value of de-coupling capacitance is large, and 
more than one capacitor would be required for effective 
results over a wide band of frequencies. For the examples 
siven, three types of capacitors would be required: an 
electrolytic, a paper, and a mica or ceramic. 

To reduce the amount of de-coupling required, it is 
necessary to reduce the series inductance and/or increase 
the series resistance. It is difficult and expensive to re- 
duce the inductance of the wiring from the bus to the 
circuit since most of the inductance is in the lead wires 
and in the socket terminals. It is possible, however, to 
add a series resistor. If the total value of series resistance 
is made equal to Z,, the voltage will remain within the 
required limits both during the time the current is 
transient and when the current is at a steady-state maxi- 
mum. Equation (6) can now be simplified to: 


tly cates alae 
oR \ Re Re 


Using the same figures as above, 


R = Z, = 0.6 ohm 


1.62 X 0.43 


=— ; weak 
8 08 1.9 uf 


Since there was already a resistance of 0.02 ohm in 
the circuit, it is necessary only to add 0.58 ohm. The 
value of capacitance needed has been reduced from 36.3 
to 1.9 uf. To simplify the determination of the amount 
of de-coupling capacitance needed, it is convenient to 
make a chart of Eq (8), which has been done in Fig. 9. 

The condition of making R equal to Z, is applicable 
only if the current rises from zero to maximum in the 
fastest possible or longer time, remains at a maximum 
for a period, and then returns to zero in a time equal to 
or longer than the rise time. In cases where the circuit 
demands a steady-state current plus a transient current, 
a reduction in the amount of de-coupling capacitance 
may be made. In this case, R is not made equal to Z, 
and a correction is required to use the curves of Fig. 9. 
The value of Z, and R are now: 


aa (d-c*voltage)(per cent noise tolerance) (9) 
7 (peak current)(steady-state current)100 


, _ (d-c voltage)(per cent drop) 
Ber (peak current)100 — (10) 


Having determined these values, their ratio can be 
obtained and the curve in Fig. 10 can be used to obtain 
a correction factor for the de-coupling capacitance. The 
value of capacitance obtained from Fig. 9 is divided by 
the correction factor from Fig. 10 to obtain the reduced 
value. 

Power-Line Filters. Filters to be inserted in power 
lines are low-pass networks which are designed to pass 
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the 60-cycle frequency with negligible loss and to at- 
tenuate undesired higher frequencies. As a general rule, 
these filters are designed to attenuate frequencies start- 
ing at 150 ke and up to 100 me. Filters to attenuate fre- 
quencies between 1 kc (or lower) and 100 me are gen- 
erally not used since they are expensive and bulky and 
require large iron-core series inductors and large shunt 
capacitors. To obtain effective filtering over a wide band, 
more than one stage of filtering is required, with some 
overlapping. Most systems are capable of operating 
satisfactorily with an environment of 150 ke (or lower) 
conducted power-line noise. If sensitive circuits are 
present which may malfunction due to the presence of 
low-frequency noise, it is desirable to shield the a-c 
wiring with ferromagnetic material rather than attempt 
to filter the power supply. 

The various types of filters which can be used are 
described in the following paragraphs. For all filter 
arrangements discussed, the line-to-ground total capaci- 
tance is the same. Also, the total series inductance is 
the same. The actual value of capacitance used is de- 
termined by safety requirements. The actual value of 
series inductance is determined by the allowable line-to- 
line voltage drop and should not, as a rule. exceed | 
per cent of the line-to-line voltage. When filters are 
supplied in series with lines supplying large motors. the 
inrush current will be high and the series inductance 
design must take into account the severe duty. 

The “L” type of filter (Fig. 11) is used to attenuate 
noise coming from a power system. If the requirement 
is for a filter to attenuate conducted power-line noise 
leaving the machine and entering the power system, the 
L filter may be used with the line and load connections 
reversed. To attenuate noise in either direction, the “T” 
filter shown in Fig. 12 may be used. The attenuation 
of the T filter is higher than that of the L type. A filter 
with still higher attenuation is the “pi” type shown in 
Fig. 13. It is the type most commonly used. 

Typical insertion-loss curves for pi and L filters which 
use feedthrough capacitors are shown in Fig. 14.* 
Féedthrough capacitors allow good high-frequency at- 
tenuation. Lead-type capacitors resonate and result in 
poor attenuation at high frequencies. 

It is important to consider the voltage that will be 
applied to the filter capacitors (Fig. 15). Allowances 
must be made for voltages higher than those nominally 
encountered. During the time the power-distribution 
system is lightly loaded, the voltages can be 10 per cent 
higher than nominal. Minimum voltage ratings of filter 


***An Approach to Designing Interference-Free Electronic Systems,’ Scarborough 
and Garlington, Technical Paper No. 56-1, Sprague Electric Co., North Adams, Mass 


Table | — Minimum Filter-Capacitor Voltage 
Ratings for Various Supply Voltages 


Supply, volts 


Capacitor rating, volts 


115-120, 1-phase 132 
208 or 230, 2-phase 252 
120/208, 3-phase, wye 132 
208, 3-phase, wye 132 
208, 3-phase, wye 


230, 3-phase, delta 252 


* High current. 
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Fig. 12 —“T” filter to attenuate noise in both directions. 


Fig. 13 — High-attenuation “pi” filter. 


Fig. 14— Typical insertion-loss curves for pi and L filters. 


capacitors for various input voltages are given in Table I. 
All the capacitors in a given filter must have the same 
voltage rating, even though the actual voltage may be 
zero in some cases. This is because, at the time of instal- 
lation, the grounded conductor line may be connected 
to any one of the input terminals. Capacitors used in 
filters should be rated for a continuous service life of 
five years. 

A bleeder resistor must be connected from the line 
to ground. It should be included in the filter assembly. 
The value of resistance must be such that the voltage 
will decay to less than 60 volts in 5 sec. The maximum 
peak voltage, which is the voltage given in Table I 
multiplied by 1.41, may be used to determine the value 
of the bleeder resistor. 

The maximum allowable value of total capacitance 
in a filter should be such that the current flowing in 
the ground wire does not exceed 5 ma. This is a safety 
requirement which considers the possibility of a ground 
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wire’s becoming disconnected. If the ground is acci- 
dentally disconnected and a person standing on ground 
comes in contact with the metal frame of the machine, 
the maximum possible current flow through the body 
would be 5 ma. (Actually it would probably be less, due 
to body resistance. ) 

The maximum value of capacitance for single-phase 
power sources with a conductor line grounded as shown 
in Figs. 15(a) and 15(b) is determined from the fol- 
lowing equation: 


\W here 
1 = 0.005 amp 


— frequency of supply 
V = line-to-line voltage 


Fig. 15 — Voltages applied to filter capacitors for various types 


of supplies. 


— 


1 ae 


Fig. 16 — Filter design for 208-volt, three-phase wye or 230-volt, 


three-phase delta high-current supply. 


For the single-phase power source of Fig. 15(c), Eq (11) 
applies, except that V is the line-to-ground voltage. 

The maximum value of capacitance for the three-phase 
“wye’ system [Fig. 15(d) ] is 


_1X10° x v3 


 — OC 


Cc uf (12) 
where V is line-to-line voltage. 

For the three-phase grounded delta systems [| Figs. 
15(e) and 15(f)], 


I X 108 


"aie (13) 


where V is line-to-line voltage. 

A tabulation of the maximum allowable line-to-ground 
capacitance based on voltages 10 per cent above nominal 
for various types of systems is given in Table II. In 
uses where the system operates from more than one 
supply, the highest voltage is used to determine the 
capacitance. 

Under normal operating conditions, assuming that all 
three capacitors are of the same value and that the 
three-phase voltages are the same. the ground-wire cur- 
rent would be zero for the circuit in Fig. 15(d). For 
safety purposes, however, we must assume that one or 
more of the lines may be disconnected due to a blown 
fuse. so that a single-phase condition exists. The capacitor 
values shown in Table II are based on this assumption. 

A difficulty exists when a line filter is required for a 
high-current system operating from either a 208-volt 
wye or 230-volt delta supply. Due to the high current, 
the amount of series inductance in the filter is small. 
Also the maximum amount of shunt capacitance allowed 
is 0.03 uf. In this situation, consideration should be 
given to a filter such as that shown in Fig. 16. The 
value of line-to-line capacitance should not be large since 
large capacitors do not have good high-frequency charac- 
teristics. A maximum value of 1 pf is sufficient. 

Such a filter arrangement will attenuate line-to-line 
noise which is generally from a lower-impedance source 
than the line or line-to-ground noise. More effective use 
of the line-to-ground filter is also made, since noise cur- 
rents are distributed equally between all capacitors. 

OOO 


Table Il — Maximum Filter Capacitance, Line-to- 
Ground, for Various Supply Voltages 


Nominal input, volts Capacitance, uf 


115-120, 1-phase . 
208 or 230, 2-phase .052 
120/208, 3-phase, wye 

208, 3-phase, wye 

208, 3-phase, wye 

230, 3-phase, delta 
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A study and literature review of materials in ERIK G, LINDEN 
U.S. Army SigNaAt Researcu AND DEVELOPMENT LABORATORY 
space, and their reactions, from the stand- Fort Monmouth, New Jersey 


points of: 


@e vacuum IN MATERIALS for earth satellites or space vehicles, where 
there is exposure to the outer-space environment, the de- 
e temperature control signer must distinguish between those applications where 
the intended use is on the bare outer surface of the 
e ultraviolet light vehicle and those within a protective housing. Since 


materials are expected to perform satisfactorily for a 
minimum of 10,000 hr in most satellite applications, the 
intended application thus becomes of prime importance 
in the basic design. (16, 26, 32, 34-36, 69) * 


e Van Allen belt radiations 
e lubrication of bearing surfaces 


e plastics volatility 


ils in pare ses refer to Cited References with this article. 














ee 
Environmental Conditions in Outer Space 
The environment of outer space is, in general, is based on facts currently available, and is sub- 
characterized by high vacuum, solar X-rays (0.10 ject to change as new data are obtained from cur- 
to 0.20 microwatts/sq cm in the wavelength range rent investigations. (78, 85, 101, 104-106) 
of 7 to 60 A), and intense thermal radiation, in- 
cluding short-wavelength ultraviolet light down to 
about 100 A. (89) Special conditions are peculiar Flux in Inner Van Allen Belt 
to various regions of outer space as follows: Electrons 
The Van Allen radiation belts are two ring- Se ee ee “o 
shaped regions around the earth with openings at Energies greater than eee 
the poles. They consist of an inner belt about 2000 - 
miles thick, centered at an altitude of 2250 miles 200 60 
from the earth’s geomagnetic equator, and an outer __20 kev _jkev| 600 kev | 40 mev__|mev 
layer about 4000 miles thick centered at about 2 X 10°/sq_| --}| 1 X 10’/sq | 2 X 10*/sq | — 
10,000 miles above the geomagnetic equator. (1-5, cm/sec cm/sec cm/sec 
88) The particles in the Van Allen belts have steradians* steradians | (omnidirec- 
tentatively been determined to be as shown in the (max. (max. tional) 
accompanying table. unidirec- unidirec- 
At about 33,500 miles from the earth, there is tional) tional) 
a ring current of 5 X 10° amp uniformly dis- 
tributed over a circular cross-section and having a 
diameter of six earth radii. (7) Solar flares and idivestions 
related solar activity, which occasionally influence ee Suter Vou Allen Beh (Onaliramee 
the outer-space environment, result in the release Electrons 
of intense ionizing radiations, including proton bar 
fluxes ranging from 210 to 10,000 particles/sq em/ Energies greater t 
sec with energies as high as 20 mey or higher Pea 
EE Te clits cietiie prude tee. 6 |_ Bebe 
a + Galactic cosmic-ray pa } x 10U/ea | 1 10%/sa | — | — | 1% 10%/ea 
than 2.0 particles/sq em/sec) and meteorites, pee, ' an ee 
although generally present, are relatively few in . rere 
"This desertion af the outerspece environment. Mcyarct ms tar wnt the ated eg wl alle 
ie Di Mel Gr int a fed , es has ? 
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Table | — Effect of Low Pressure on Various Materials 
(Mechanical properties were measured in ambient air before and after exposure to vacuum.) (24) 


Temper- 
ature, 
deg C 


70 


Pressure, 
mm Hg 


Exposure 
Material time, hr 


Polyethylene (regular 24 1.3 X 10° 20% 
modulus 


Polyethylene 74° 
(high-density 


24 88 1.7 


x 10-8 


Tetrafiuoroethylene 180-190 


polymer* 


7 X 107% 


Cellulose acetate 1 X 10-5 
modulus 


Polystyrene 


8% 
modulus 


1.2 xX107 | 


57 | 


Polyvinyl chloridet 70-80 1.5 x 10°35 


Polyamide resint 


100-110 3 X 1075 


Cellulose nitratet 


2.5 X 1075 


50-60 


Cellulose acetate butyrate 


92 7.2 X 107% 17% 
19% decre 


Polycarbonate resin 2.2 KX 107% 11% incre 


strength 


Alloy (93.7Al4 .5Cd 
1.1Li0. 5Mn0.2Cd) 


xX 10-7 


5° 
10% 


Magnesium-lithium alloy 
(84Mg14Li2Al) 


decre 


Acrylic resin 
modulus 


Phenolic tesin 


1.3 X 1075 
ulus, 30% 
& 35% 


vy or hardness Ss 


Materials for External Surfaces of Earth Satellites 


Many materials must be exposed externally to the 
space environment. which may include all or many of 


Tensile strength, 
ambient cond. 
increase in Young's 
increase in ultimate & 
yield strength 


Slight decrease in Young’s 


decrease in Young’s 


decrease in ultimate & 


No change 


increase in yield strength 


10% decrease in Young’s 


14% decrease in Young’s mod- 


Compression 
strength, 
ambientcond. 


Outgassing 
character- 
istics 


Weight 


Impact 
changes 


strength 
Insigni- - 
ficant 


Slight 


Insigni- 
ficant 


Slight 


| Very 
| slight 


Slight 
increase 


No change 


Consider- 
able 


Loss of No change 
6% 


— Insigni- 
ficant 


Slight 


Slight 
decrease 


No change Moderate 


| 
| 


Somewhat 
stiffer 


No change 


Moderate Slight 
increase 


Moderate | Nochange 


Large 
increase 


Loss of Consider- 
ase in yield strength 0.4% | able 


ase in yield Loss of | Moderate 
0.1% 

Very —_ 

slight 


Insigni- Slight No change 


ficant 


ase in ultimate & 


Moderate | 


Insigni- 
ficant 


Loss of Copious No change 


decrease in ultimate 1.6% 


in yield strength 


pecific gravity and hardness data not available on balance of materials. 


the factors described in the panel on page 125. To date, 
some practical data gathered from recent launchings are 
available on the utilization of materials in the outer-space 
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environment. Experience has shown that the following 
materials can be used successfully on the outer surfaces 
of earth satellites: trifluoromonochloroethylene polymer 
dielectric (Kel-F), silicate cement, aluminum 
coated magnesium, silicone rubber, vacuum-deposited 
silicon monoxide, glass-covered silicon solar-cell ma- 
terials, fused-silica optical-grade glass, epoxy glass-fiber 
honeycomb, gold wash, zinc chromate, aluminum paint, 
titanium dioxide epoxy paint, black iron oxide epoxy 
paint, aluminum and stainless steel. (69, 70, 80, 83, 87, 
93, 95, 96) 

Thermal conditions in outer space must be a major 
consideration in the selection of materials for use on 
the exterior of an earth satellite. Surface coatings having 
a carefully controlled emissivity (as a function of wave- 
length throughout the visual and infrared regions of the 
spectrum) are used for maintaining a balance between 
energy radiated and energy absorbed or _ internally 
generated. In this way, suitable internal operating tem- 
perature may be maintained for the proper operation of 
electronic equipments and their power supplies. (17, 15) 


oxide, 


Temperature Control for External Surfaces 

The following applications are examples of tempera- 
ture-control techniques utilizing various materials: In 
the design of the Explorer I satellite, the interior instru- 
ments. were maintained within a temperature range of 
0 to +65 C by controlling the emissivity and absorp- 
tivity of the outer skin with a coating of aluminum oxide. 
This coating was applied in 14-in.-wide stripes to the 
sandblasted stainless-steel shell. (12, 92-94, 97) Simi- 
larly, the internal temperature of the Vanguard I satel- 


lite was maintained at about +65 C (149 F) in direct 
sunlight by coating its aluminum exterior with vaporized 
silicon monoxide. (14) Vanguard II had its aluminum 
exterior coated with three layers of silicon monoxide, 
maintaining an internal temperature in space of about 
+34 C (93.2 F). (13, 15) To obtain the proper thermal 
balance in Transit satellites IB and IIA, silver paints and 
epoxy-type white or black paints were applied to selected 
areas of the outer shell. This structure actually consists 
of two hemispheres made of 14-in. cell nylon-phenolic 
honeycomb core material sandwiched between two sur- 
faces of glass-fiber cloth impregnated with an epoxy resin. 
Silver paint was used for the antenna pattern as well as 
for thermal control in the Transit satellites. (6) Van- 
guard III was constructed so that its upper portion was 
made of black glass-fiber and its lower part of coated 
magnesium, which permitted its internal temperature 
while in space to be maintained within the range of 
about +6 to +30 C. (96) The Echo plastic (polyethylene 
terephthalate) ballon satellite had an aluminum coating 
on its outer surface for radio reflectivity of 98 per cent 
up to frequencies of 20,000 mc. (17) In general, paint 
coatings for thermal control depend on their pigments 
only for their emissive properties. (26, 95, 97, 98, 102, 
109) 
Laboratory were conducted at the 
Johns Hopkins University on the effect of exposure of 
various materials for 96 hr to an environment simulating 
that found on the exterior of satellites. The environmental 
conditions employed included high vacuum (10° mm 
Hg), ultraviolet light (2000 to 4500 A), and 0.38 A 
X-rays. These studies indicate that no deleterious effects 


investigations 


U. S. Army Office of Ordnance Re- 
search & Army Ballistics Missile 
Agency, Proceedings of the Fifth 
Sagamore Ordnance Materials Re- 
search Conference, September 16-19, 
1958. 

27. “Vacuum Alters Materials,” U. S. 
Army Ordnance, Frankford Arsenal, 
Philadelphia, Info Materials Engineer- 
ing, July 1959. 

28. “Ballistic Shock on Components and 
Materials,” USASRDL, Components 
and Materials Branch, Report of First 
Three Firing Tests, August 31, 1955. 
29. “Investigation of Relay Terminal 
Header Performance at Altitudes up 
to 350,000 Feet,” S. Brenner, 
USASRDL Technical Memorandum 
M1858. 

30. “Influence of Ultraviolet and Vacuum 
Environments on Structural Plastics,” 
H. M. Preston and N. E. Wahl, In- 
stitute of Environmental Sciences, 
1960 Proceedings, Los Angeles, April 
6-8, 1960. 

31. “Degradation of Polymers by Ultra- 
violet Irradiation,” A. L. Alexander, 
F. M. Noonan, J. E. Cowling and 
S. Stoken, Naval Research Labora- 
tory, NRL Memorandum Report 914, 


sion, ECR Department, Preliminary 
Report, March 28, 1958. 


. “Materials and Structures in Space; 


Meteorite Environment, Etc.,” (Part 
II), H. A. Tellman, Advisory Group 
on Electronic Parts, Technical Infor- 
mation Bulletin GEP-ELM 210/47, 
January 1, 1960. 


. “Review of Materials and Structures 


in Space,” (Part I), H. A. Tellman, 
Advisory Group on Electronic Parts, 
Technical Information Bulletin GEP- 
ELM 210/47, August 13, 1959. 

“Materials for Use in Outer-Space and 
High-Altitude Environments,” E. G. 
Linden, USASRDL, unpublished paper 
delivered May 8, 1959 before the 
Space Technology Meeting of the 
Trenton Section of the American 


“'N. A, Terbune, USASRDL, paper de- 
livered before the Armed Forces 


. General Electric Co., Reports 


. New Departure Co., 


formation Bulletin No. 268. 


. “The Effects of Nuclear Radiation on 


Electronic Components,” Admiral 
Corp., Reports under Contract No. 
AF 33(616) -3091. 


. “Reactor Shielding Design Manual,” 


U. S. Atomic Energy Commission, 
Naval Reactors Branch, Division of 
Reactor Development, TID, 7004, 
March 1956. 


. “The Feasibility of Nuclear Shielding 


for Electronic Circuitry,” Lt. B. S. 
Gottfried and A. L, Long, USASRDL 
Technical Report 1996, October 24, 
1958. 


. “Man’s Environment in Outer Space,” 


New York Metropolitan Chapter of 
Institute of Environmental Sciences, 
Proceedings, December 8-9, 1960. 


. “Use of Plastic Shield to Reduce 


Permanent Nuclear Damage,” H. T. 
Bunter, USASRDL Technical Report 
2123, June 15, 1960. 

under 


Contract No. AF 04(647)-476, Phila- 
delphia. 
under 


Reports 
Contract No. AF 33(600)-38120, 


Sandusky, Ohio. 
. “Implications of Operating Instrument 


Bearings in Vacuum of Outer Space,” 


April 1959. 

32. “Electronic Parts and Materials for 
Satellite Application,” USASRDL, 
Electronic Parts and Materials Divi- 


DECEMBER 1961 


H. Wiliholm, New York Bearing Co, 
New York. 


47. “Lubrication Problems of Miniature 


127 


Lal aw 





are produced with respect to the weight loss or electrical 
properties in polyethylene, aluminum oxide, glass-poly- 
ester radome laminate and copper-clad printed-circuit 
epoxy glass-fiber boards. The electrical properties evalu- 
ated included flashover strength from 60 cps to 18 mc, 
dielectric constant and dissipation factor from 60 cps 
to 100 mc. and d-c volume and surface resistivity. (20) 


Materials Used in Unpressurized Metallic Housings 
in Satellites 


Materials which have been successfully applied within 
unpressurized metal housings in satellites include (as 
well as the materials listed previously) : TFE-fluorocar- 
bon polymer (Teflon), epoxy conformal coatings, non- 
plasticized polyethylene, beryllium, titanium, nylon, poly- 
isocyanate foam, and epoxy-glass-fiber printed-circuit 
materials. (37, 91) Materials so utilized are normally 
protected by the housings from damage by solar X-rays 
and ultraviolet radiation. Under special conditions (i.e., 
solar flares), undesirable ionizations may be produced 
in dielectrics by X-rays (bremsstrahlung) generated by 
electrons impinging on the housing materials or by 
solar cosmic-ray cascade showers. (19, 88) It may be 
necessary to line such housings with lead shielding ma- 
terials to prevent ionizations in sensitive electronic equip- 
ment. (2]) 

The interior of the Transit satellite contained a sand- 
wich material of alternate layers of glass-fiber paper and 
aluminum foil as a heat and radiation barrier. (16) 
Heat transfer within the satellite was also controlled by 
use of a poorly conducting central glass-fiber support 
tube and by the use of nylon lacing between various 
supporting and circuit elements. (16) 


Materials Utilized in Pressurized Metallic Housings 


Materials which have been or can be utilized in satel- 
lites within helium- or nitrogen-pressurized metal hous- 
ings are those described above, as well as Mylar, 
arctic rubber and lubricants. In general, almost any ma- 
terial employed for electronic purposes on earth could, 
with proper technique, be utilized in space in such a 
pressurized chamber. Aluminum housings for such cham- 
bers are less permeable to pressuring gases than those 
made of iron. (81, 82 


Effect of Vacuum on Materials 


The high vacuum of outer space (about 10° mm of 
Hg or less) will cause volatile lubricants, plasticizers, 
additives or liquid metals (such as mercury) to vaporize. 
Other metals which might vaporize at an appreciable 
rate. if heated in this high-vacuum environment, are 
magnesium, cadmium and zinc. These should be avoided 
for outer-space applications unless they are maintained 
at a low temperature, utilized in thick sections, or are 
overcoated with some other material of lesser volatility. 

23) Of the above metals, magnesium was utilized 
on the exterior of the Midas II satellite. (47) The dang- 
ers of utilizing volatile materials are at least twofold: 
they are removed from the devices in which they are 
intended to be used, and they may condense on the 
colder parts of the space vehicle, causing malfunction of 
equipment, such as fouling of electrical contacts, corro- 
sion, or electrical shorts. (32, 99, 100) 

High polymers are fairly resistant to vaporization un- 
der high vacuum, unless heated near their decomposition 
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ular weight and long polymeric chains, which in many 
materials are cross-linked. (89) Data obtained by the 
Johns Hopkins University and those listed in Table I 
indicate that most high polymers are relatively non- 
volatile and will probably not be lost by vaporization 
in the high vacuum of outer space. (24) This does not 
preclude the evaporation under vacuum of high-polymer 
additives such as plasticizers. Polyethylene plasticized 
with dioctyl phthalate, for example, was found to lose 
the plasticizer in vacuum and to become very brittle. (25) 
However, in some instances, after evaporation of volatile 
molecules in a plastic, an improved polymer may be pro- 
duced. (65, 84, 87, 99, 100) 

The mechanical properties of materials in vacuum are 
different from those exhibited in air. (27, 30) Some 
metals tested in vacuum grow stronger, while others be- 
come weaker and have altered creep and fatigue proper- 
ties. (27, 109) 

The following two surface reactions in air are believed 
to be the controlling factors in these differences: (1) the 
surface of the material strengthens and hardens by oxi- 
dation or is altered by gas diffused into its interior, or (2) 
surface cracks form and adsorbed gases tend to wedge 
the crack. The material will be stronger in either vacuum 
or in air, depending upon which of these reactions is the 
controlling factor. (27, 109) Ordinary glass is three times 
as strong in a vacuum of 10° mm of Hg as it is in air. 

(27, 109) Surface finishes can therefore be expected to 
control or significantly influence the strength of metals 
in vacuum. (27) The mechanical data for selection of 
many electronic components and materials for use in 
satellites have been obtained by subjecting these items to 
shock accelerations in artillery shells up to 20,000 g and 
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Table Il — Breakdown Voltage as a Function of 
Air Density and Electrode Spacing 





Distances between base conductors 


Peak sparking volt- | (cm X density of air relative to 
age, kv density at 1 mm Hg at 20 C) 
1.8 0.1 
0.4 0.5 
ava 20.0 
70.0 2000.0 





axial spin rates up to 20,000 rpm. (28, 66, 99) 

Vacuum at high altitudes can cause flashover between 
electrical conductors. According to Paschen’s law, break- 
down voltage is a function of air density and the spacing 
of electrodes, as indicated in Table II. 


Effect of Ultraviolet Light on Materials 

Since no oxygen is present in outer space, damage to 
plastics materials from ultraviolet radiation is slight or 
of a minor degree. (20, 30, 31, 62) The presence of 
oxygen is essential for major damage to occur. The fol- 
lowing materials have been studied under vacuum condi- 
tions while being irradiated with ultraviolet light (2000 
to 2500 A) and were found to exhibit insignificant 
damage: polyester, epoxy and phenol.c laminates, alu- 
minum oxide and polyethylene. (20, 30) In the presence 
of oxygen, ultraviolet damage can be reduced by in- 
corporating into the original material an ultraviolet in- 
hibitor such as phenyl salicylate; 2.4-dihydroxybenzophen- 
none; 2-hydroxy-4-methoxybenzophenone; 2,2’ dihydroxy 
1.4’ dimethoxybenzophenone: or alkylated 2-hydroxy- 
phenyl benzotriazole. (6]) In utilizing these types of in- 
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hibitors. a vacuum weight-loss study is necessary on the 
finished composition to determine whether their effec- 
tiveness would be lost by vaporization in outer space. 


Effect of Outer-Space Radiations on Materials 


The commonly prevailing solar X-rays apparently do 
not significantly influence the electrical properties of 
polyethylene, aluminum oxide, polyester  glass-fiber 
laminate, and epoxy glass-fiber laminate. (20) Discolora- 
tion of Al.O, due to color-center formation can occur 
with simulated solar X-rays. Sensitive equipments are 
usually housed inside the satellite where solar X-rays do 
not reach them. 

In the Van Allen belts, intense radiation and ionization 
occur which can cause saturation of electronic equip- 
ments. However, most satellites are in the Van Allen 
belts for brief periods only. Since the effects of this 
radiation (as well as effects due to solar flares) are 
transient, equipment rendered inoperable from such ex- 
posure recovers rapidly. (90) The total dose of radiation 
which most electronic equipment can tolerate before per- 
manent failure is relatively great, and permanent failure 
from radiation exposure is therefore unlikely unless the 
equipment must function continuously in the Van Allen 
belts. (38, 39. 63, 64)1f continuous exposure is neces- 
sary. the equipment could be shielded against these prim- 
ary radiations as well as against bremsstrahlung. (16, 
21, 38, 40, 41, 43, 56, 68). 


Lubricants and Bearings in Outer Space 
Lubrication is a problem in outer space because of 

volatilization of lubricant ingredients and cold welding 

of bearings under the high-vacuum conditions present, 


and also because of chemical changes induced in these 
ingredients by the radiation environment. This problem 
is currently under investigation and has not been com- 
pletely solved. 

Dry metal bearings depend, under ordinary conditions, 
on a cushion of air for successful operation. (57) Under 
the influence of high vacuum, this cushioning gas layer 
is removed and the metal surfaces tend to diffuse (cold 
weld) into each other, causing binding or seizure of the 
moving parts. (55) Further, graphite lubricants depend 
upon associated water (or adsorbed atmospheric oxygen 
or nitrogen) for lubricating properties, and become ab- 
rasives in vacuum when moisture and adsorbed gases 
are lost. (55, 58, 67) Molybdenum disulfide has been 
studied and recommended as a lubricant for use under 
vacuum, although various investigators disagree as to 
its usefulness. (50, 55) The following lubricating and 
bearing systems are currently under investigation in 
simulated space conditions, and some of these may prove 
to be satisfactory for many applications (44-49, 51-55, 
58, 60): 


e Forced feed of relatively non-volatile lubricants to 
bearings to replace losses. (47) 

e Continuous feed of Teflon plastics to a bearing by 
abrasion, thus coating it with a layer of this material. (55) 
One system of this type utilizes special ball bearings made 
of Stellite balls, Pyroceram races, and Teflon cages. (53, 55) 

e Ball bearings coated with soft malleable metals such 
as barium, gold, or silver, which act as lubricants even as 
they are abraded. (48, 49) 

e Equipments with a sealed-in atmosphere. (59) 

e Polar lubricants. (Recent NASA studies suggest these 
may be important for their performance in high vacuum.) 
(86) 
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Problems of Plastics in Space Environments 


The utilization of plastics in space environments may 
be expected to become more extensive when additional 
information becomes available regarding their chemical, 
physical and engineering characteristics under conditions 
in outer space. 

Ultraviolet light and vacuum environmental studies 
on polymers do not, in most cases, provide data below 
2000 A. Information is needed down to 100 A, with par- 
ticular attention being given to irradiation effects found 
with the Lyman alpha line at 1216 A. The Lyman alpha 
line is responsible for some of the ionizations and chemi- 
cal reactions of gaseous atoms and molecules in the iono- 
sphere. It is possible that radiation from this line may also 
induce similar or related changes in polymers. For this 
reason, further studies are required. Studies of the in 
fluence of Lyman alpha radiation in vacuum on materials 
are, however, difficult with currently available equipments 
and techniques. It is conceivable that non-volatile ultra- 
violet inhibitors could be developed for the protection 
of polymers in this environment. 

Information is needed regarding the characteristics of 
polymers in vacuum while being subjected to radiation 
similar to that found in the Van Allen belts and during 
solar flares. This involves studies utilizing electron, pro- 
ton, and X-ray radiation. X-rays, both from the sun and 
from bremsstrahlung, as well as Van Allen belt and solar- 
flare electrons, can be approximately simulated with 
existing available X-ray equipments and van de Graaff 
generators. The proton radiation during solar flares (and 
in the Van Allen belts) has energies which are much too 
high (up to 60 mev) to be reproduced in existing ma- 
chines which are readily available. Protons having ener- 
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gies of 1 to 2 mev can be produced with commercially 
available van de Graaff generators, and data from studies 
utilizing this type of radiation could be extrapolated to 
give a reasonable engineering estimate regarding the 
performance of materials when subjected to irradiation 
by particles up to 60 mev. It is also conceivable that 
fillers could be utilized, or antirads could be developed, 
which would be non-volatile and which would protect 
sensitive polymers against damage or alteration of char- 
acteristics while being subjected to these radiations. (108) 

The high- and low-temperature properties of polymers 
are both important in space-vehicle applications. While 
most space vehicles are designed so that the absorptive 
and emissive properties of their outer surfaces result 
in relatively moderate temperatures, it is anticipated 
that space vehicles for special applications may be ex- 
pected to operate in temperature extremes from possibly 

~200 to +200 F. Since many future space vehicles will 
be internally heated, plastics or other materials will be 
expected to function properly at temperatures much 
higher than 200 F. 

Most polymers are relatively non-volatile in vacuum 
and existing types should be satisfactory for most space 
applications. However, care should be exercised to avoid 
the use of additives which might vaporize under these 


conditions. Ooo 
| REPRINTS OF THIS ARTICLE ARE AVAILABLE 
| rcle No. 903 on the Reader Inquiry Service Card 


p 67. 


Whe: Selling ‘hie pabeen fens 


American Chemical Society, Division of 
Organic Coatings and Plastics Chemistry, 
Chicago Meeting, September 1961, as they 
appear in the Proceedings of that meeting: 


“Protective Ultraviolet Absorbers in a 
Simulated Space rom G. 
Schmitt and R. C. Hirt, Vol. 21, No. 
2, p 314. 

“Hydroxybenzoylferrocenes and Ferrocene- 
Carboxylates,” R. L. Schaaf, p 331. 

“Pigment-Binder Relationships in Ultravio- 
let-Irradiated Paints in Vacuum,” G. E. 


Ultraviolet 
terials,” W. S. Wilcox, C. V. Stephenson, 


B. C. Moses and H. T. Crenshaw, p 382. 
High Poly. 
and 


Photodegradation 
Its Inhibition in Poly (Methyl econ: 
late),” R. B. Fox, L. G. Isaacs and F 


DECEMBER 1961 


Space Environment,” C. D. Miller, p 437. 


@ The following bibliography is taken 
from articles that have appeared in Exec- 
tTrRO-TEcHNOLOGY (and Electrical Manu- 
facturing) : 

“Summary of Nuclear Radiation Effects on 
Electronic Components and Systems,” D. 
E. Drennan and E. N. Wyler, March 
1961, p 132. 

“Environmental Evaluation of Magnetic 
mene: D. I. Gordon, January 1961, 


Pp 
“Radiation Effects on Electrical Insula- 
tion,” E. L. Brancato and J. W. Kal- 


Sys- 
tems,” C. G. Currin and F. A. Smith, 
October 1959, p 110. 

“Nuclear Radiation Effects on Electrical 
Ceramics,” W. E. Rowe and J. R. John- 
son, August 1959, p 93. 

“Behavior of Semiconductor and Magnetic 
Materials in Radiation Environment,” A. 
Boltax, March 1959, p 90. 

“Radiation Effects Daa Shes wn Flee, 
Resistors, 





“Bifects. of Radiation Environment on 

Structural Materials,” A, Boltax, Jeet 

1958, p 125. 

@ The followi w aa ae 


DESIGN Trends 


Edited by Michael M. Meyers, Associate Editor 


A Complementary Symmetry Emitter-Follower 


Editor’s Note: In our editorial printed in 
the October 1961 issue. reference was made 
to the Handbook, Preferred Transistor 
Circuits, Navy Aeronautical Electronic 
Equipment, August 1958. Actually, that 
publication was the first of a number of 
supplements which have been issued to the 
Handbook, Preferred Circuits, Navy Aero- 
nautical Electronic Equipment, NAVWEPS 
16-1-519, dated September 1, 1955. In ad- 
dition, three other supplements are avail- 
able from the Government Printing Office: 

e@ Supplement No. 2, April 1, 1959, 
containing two transistor and three tube 
circuits, 

e@ Supplement No. 3, April 1, 1960, 
containing nine transistor and two tube 
circuits, 

@ Supplement No. 4, October 1, 1961, 
containing feur transistor and five tube 
ircuits, 

(Actually, none of these publications has 
been labeled “transistor” circuits since they 
all contain some of each type. However, the 


Fig. 1 


mentary 


Circuit diagram for a comple- 
symmetry emitter-follower as 
recommended by the Navy’s Preferred 
Circuits Handbook. 


C omponer 
Max resistor dissipation (see Note | below): 
R,, Ro 50 milliwatts 
R», Ry 25 milliwatts 
Max capacitor voltage: Cy, 12 volts; C;, 
select for particular coupling application. 
Limits (these are not tolerances—see Note 
2 below): 
R,, Ro — +5 per cent 
+20 per cent 
+20 per cent 


following two new publications are in the 
process of preparation and will be issued 
by the Navy’s Bureau of Naval Weapons: 

e Handbook, Preferred Circuits, Vol. I, 
Electron Tube Circuits, containing all tube 
circuits previously published, but upgraded 
and adapted to miniature and sub-minia- 
ture tubes. 

e Handbook, Preferred Circuits, Vol. II, 
Semiconductor Circuits, containing 22 semi- 
conductor circuits, 17 of which were pre- 
viously published. (Supplements to Vol. II 
will be issued.) 

We are indebted for this information to 
Mr. Jack H. Namaroff, project director of 
the Navy’s Preferred Circuits Program, U. 
S. Naval Air Development Center, Johns- 
ville, Pa. 

As an example of the types of circuits 
to be found in these publications, and to 
further encourage their use, we are print- 
ing, in its entirety, Preferred Circuit No. 
222, which appears in the recently issued 
Supplement No. 4. 


Operating characteristics (see Note 3 below) 

Load resistance: 50 ohms 

Input: impedance, 1 k 

signal polarity, positive or negative 
max signal amplitude, see Figs. 3 
and 4 
Bandwidth (600-ohms source impedance) : 
50 cps to 3.5 mc 

Voltage amplification: 0.8 

Power gain: 12 db 

Output impedance: less than 100 ohms for 

any source resistance (see Note 4) 
Power requirements 

25 volts dc +10 per cent at 50 ma 
Notes 

1. These are the maximum powers dissi- 
pated in the resistors. In determining these 
values, allowance has been made for varia- 
tions in component values, power-supply vol- 
tages, and tube characteristics. 

2. The performance specifications are 
based on components values which do not 
deviate from nominal by more than the limits 
specified. Thus the term “limits” includes the 
initial tolerance plus drifts caused by en- 
vironmental changes or aging. 

3. The operating characteristics are a func- 
tion of the load; those specified are based on 
a 50-ohm load resistance. 


4. 
R, 
(R, + R) 
f + —eemmemese 
8 [1 + R, RR 


where R, is the source resistance and 8 is the 
d-c forward-current transfer ratio of the con- 
ducting transistor. 


Rout = 


1. Application. PC 222 (Fig. 1) is a 
complementary symmetry emitter fol- 
lower used to match a high-impedance 
circuit to a low impedance load. The 
circuit has certain advantages over PC 
221 (a Cascaded Emitter-Follower) : 
it will accept both positive and nega- 
tive pulses, or a sinusoidal input, and 
its low output impedance to both posi- 
tive and negative pulses results in a 
higher operating speed into capacitive 
loads. 

Compensating elements must be used 
in PC 222 to stabilize the performance 
against temperature changes, and the 
input capacitance is higher than that 
of PC 221, since the bases of Q, and 
Q., are in parallel. In addition, because 
each transistor acts as a d-c load for 
the other, failure of one transistor will 
usually cause failure of the other. 

Single-stage emitter followers are 
used extensively for the purpose of 
isolation or impedance matching. These 
circuits are usually designed for a par- 
ticular system, with the choice of tran- 
sistor type and impedance levels dic- 
tated by the system requirements. 
While they are used extensively within 
a single system, they cannot be classed 
as preferred circuits because their ap- 
plicability is limited outside the sys- 
tem for which they were designed. For 
this reason, no single-stage emitter fol- 
lower is included as a preferred circuit. 

2. Design Considerations. In PC 222, 
the principle of complementary sym- 
metry* is used to obtain an emitter- 
follower capable of handling signals 
of either polarity. The circuit functions 
in the following manner. The rise of a 
positive pulse will cause the n-p-n tran- 
sistor, Q,, to conduct. When the pulse 
falls to zero, the output lags the input 
signal. This biases the p-n-p transistor, 
Q., in a forward mode so that it con- 
ducts during the trailing edge of the 
pulse and thereby decreases the fall 
time. The circuit is therefore capable 
of responding rapidly 
either polarity. 


to signals of 


* A coupling capacitor coupled from the input to the 
base of Qe will complete the symmetry of the ampli- 
fier. Since the diodes are operated at a point such that 
their dynamic resistance is low, however, a second 
coupling capacitor is unnecessary. 
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The transistors are biased for Class 
B operation. Although maximum ef- 
ficiency is attained at zero collector 
current, use of zero bias would be im- 
practical because the nonlinearities in 
the small-signal region would cause 
crossover distortion. The transistors 
are biased at the projected cutoff of 
the I, vs I, transfer curve. A quiescent 
collector current of about 1 ma results 
in a compromise between low crossover 
distortion and minimum idling current. 

Resistors R, and R, provide the 
necessary bias current and are usually 
made equal in order to bias both tran- 
sistors equally. Provided R, and R, 
are equal, the equation governing the 
quiescent collector current is 


Vec 
Te, = Bi Es ~ Tom | 


where 8, is the d-c forward current 
transfer-ratio of Q, and J,p, is the cur- 
rent which flows through CR, at 0.6 + 
Tesiks volts. 

Temperature compensation is  pro- 
vided for by operating two silicon 
diodes, CR, and CR., in the forward 
mode. A reduction in Vp, of about 
2 millivolts per deg C temperature rise 
per transistor is necessary for a con- 
stant collector current. Two forward- 
biased diodes of the same material as 
the transistors provide better compen- 
sation than other types of nonlinear 
circuit elements. 

Feedback voltage developed across 
R, and. R, also serves to compensate 
for temperature variations. However, 
the main purpose of R, and R, is to 
prevent thermal runaway. When the 
transistors are operating near maximum 
output, the heat dissipated in the tran- 
sistors will cause the. quiescent collec- 
tor current to increase, which in turn 
will result in thermal runaway if de- 
generation is not provided in the emitter 
circuit. Connecting CR, and CR, 
thermally to Q, and Q, would increase 
the thermal stability, but the result 
would be a cumbersome arrangement 
of circuit components. 

3. Performance. PC 222 is designed 
for transistor interchangeability and 
thermal stability. Figure 2 shows the 
variation of quiescent collector cur- 
rent with ambient temperature and 
with limit transistors and diodes. When 
a signal results in operation near maxi- 
mum transistor dissipation, the transis- 
tors will heat more than the diodes, and 
since the transistors and diodes are 
not thermally connected, the compensa- 
tion will be less effective. This will re- 
sult in an upward shift of the curves 
of Fig. 2; however, even with maximum 
dissipation, the quiescent collector cur- 
rent at any temperature within the op- 
erating range will usually not exceed 
4 ma. 

The power delivered to the load is 
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Fig. 2—— Variation of quiescent collector 
current with temperature and with tran- 
sistor and diode limit characteristics. 


limited by the maximum collector dis- 
sipation of each of the transistors. 
Both the 2N697 and 2N1132 will dis- 
sipate approximately 0.6 watt at 25 C 
and 0.2 watt at 125 C in free air with 
no heat sinks. The input voltage may 
be limited by either the power dissipa- 
tion or by the collector-to-emitter volt- 
age, as indicated by Figs. 3 and 4. 

For sinusoidal inputs and operation 
into a 50-ohm load at 125 C, the maxi- 
mum input voltage is limited to 2.8 
volts rms by the average power dissi- 
pation of the transistors. If the maxi- 
mum ambient temperature is limited to 
110 C, or if heat sinks are used to in- 
crease the dissipation ratings of the 
transistors, any input voltage up to the 
maximum of 8.5 volts rms is permis- 
sible. If the load is changed to 70 
ohms, any input voltage up to the 
maximum of 8.5 volts rms may be used 
without exceeding the maximum dissi- 
pation of the transistor at 125 C. The 
maximum dissipation could be de- 
creased by reducing the collector sup- 
ply voltage to 12 volts, but the input 
signal would then be limited to 4.4 volts 
rms by the collector-to-emitter voltage. 
Assuming negligible dissipation from 
the quiescent current, the average 
power dissipation per transistor for a 
sine wave is 


p, -__VecVr 2 
> 2Rt +R) Le 2Vec 


where Vp is the peak voltage of the in- 
put sine wave. 

For pulse operation, the duty factor 
of the signal is also considered in de- 
termining the average transistor dissi- 


pation, as shown in Fig. 4 For a 
square-wave input (duty factor = 0.5) 
and a 50-ohm load, the input voltage is 
limited principally by the permissible 
average power dissipation of the tran- 
sistor. If the duty factor is less than 


c 


Vig. 3— Average transistor dissipation 
for sine-wave operation into a 50-ohm 
load. 


0.3, however, the input voltage is limited 
only by the collector-to-emitter voltage 
of the transistor. If the load resistance 
is larger than 90 ohms, the 12-volt peak 
input is permissible for any duty factor 
less than 0.5. For a given load resistance 
and duty factor, the average dissipa- 
tion per transistor may be determined 
from the equation 


os Vee _ y, 
Rt T R; ZB ‘ 


Pp = D 
where Vp is the peak voltage and D 
is the duty factor of the input signal. 
The maximum instantaneous and aver- 
age dissipations occur at a peak voltage 
equal to half the collector-to-emitter 
voltage of the transistor. The thermal 
time constants of the transistors are 
large enough so that the average dis- 
sipation is exceeded before the maxi- 
mum permissible instantaneous dissi- 
pation is reached. 

The low-frequency response is a fune- 
tion of the input and output coupling 
capacitors, C, and C,, which have been 


Fig. 4— Average transistor dissipation 
for pulse operation into a 50-ohm load. 


133 





DESIGN Trends 


chosen for a 50-cycle response into a 
50-ohm load. 

The overall voltage amplification and 
power gain in db of the circuit as a 
function of load resistance may be de- 
termined approximately by the follow- 


A-C/D-C High-Potential Testing 


HAROLD N. MILLER 
Vice-president, Engineering 
AssociATeD ResearcH, INc. 
Chicago, Illinois 


HIGH-POTENTIAL TESTING is a_ well- 
established tool for the evaluation of 
insulation systems. In spite of this, 
there is a lack of understanding re- 
garding the equipment and test pro- 
cedures. 

High-potential tests are used as an 
aid in design, quality control, and safety 
evaluation, but most frequently they 
are made to determine compliance with 
specifications that require the test. 
Properly conducted tests will indicate 
the insulation level and faults such as 
cracks, discontinuities, thin spots or 
voids in the insulation, excessive mois- 
ture or dirt, possible operator hazard, 
corona starting voltage, and may permit 
a good estimate of the equipment’s ex- 
pected operating life. 

Failure Indication. While many speci- 
require high-potential tests, 
few detail the method of testing or 
the indication of failure, frequently 
specifying only that a _high-potential 
test shall be made (sometimes not even 
specifying test voltage). What con- 
stitutes failure is frequently a moot 
point also since, depending on the 
material or type of equipment, failure 
may be evidenced by excessive leakage 
current or actual insulation breakdown. 
In the case of the former, leakage cur- 
rents of a few microamperes may be 
excessive with certain materials, while 
for others several milliamperes may 
be acceptable. 

Determination of insulation break- 


fications 


Voltoge , kv 


Fig. 1 — Leakage-current vs voltage curve 
obtained in high-potential test. Item being 
tested is acceptable if knee of curve does 
not occur above maximum test voltage. 
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down is more obvious, as it is charac- 
terized by a destructive discharge 
through the insulation. Since break- 
down failure actually damages the in- 
sulation, it is usually impossible to re- 
store the test voltage to the previous 
value. 

A-C or D-C Testing. The question of 
a-c vs d-c testing is a perennial one. 
Because of the earlier availability of 
suitable equipment, a-c testing has had 
a head start. Most equipment specifica- 
tions have been written in terms of a-c 
testing, and many engineers are fa- 
miliar with it, while companies have 
large investments in the equipment in- 
volved. In instances where d-c high-po- 
tential testing could be profitably em- 
ployed, its use is deferred in favor of 
a-c testing. 

There are many cases where a-c 
testing is preferable to d-c. When 
equipment using several insulating 
materials is tested, a-c stresses the in- 
sulation in proportion to electric 
strength, whereas d-c stresses the ma- 
terials in proportion to insulation re- 
sistance. A-C testing simulates operat- 
ing conditions more closely than d-c 
does. Many comparative test data have 
been accumulated on the use of a-c 
testing on many materials. As a Go, 
NO-GO production test on small items 
such as toasters and radios, a-c testing 
is properly popular. 

Since an a-c high-potential test must 
supply the quadrature (capacitance) 
current as well as the leakage current, 
capacitance of the item being tested 
is of great importance. On low-capacit- 
ance items the quadrature current is 
small compared to the leakage current 
and the avalanche of current produced 
at breakdown becomes readily discern- 
ible. The small a-c high-potential tester 
has a leakage light that glows when the 
total current exceeds the preset value 
(usually between 0.3 and 3 ma), or a 
sensitive circuit breaker. In the case 
of larger equipment or with long 
cables, the quadrature current may be 
considerably larger than and masks 
the leakage current. Quadrature cur- 
rent may be so high that unreasonably 
large test equipment is required. For 
example, a 100,000 kva generator may 
have a quadrature current of about 3 
amp at 25 kv. The test set therefore 
would have to have a capacity of ap- 


ing expressions: 
Rr 
Rr = R; 
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R; 
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proximately 75 kva to supply this com- 
ponent alone. 

For many applications the use of d-c 
has several advantages over a-c. Direct- 
current tests yield more information 
than is obtainable with a-c tests. With 
d-c testing, measurement of leakage 
current while the high-voltage test is 
under way permits evaluation of the 
material or equipment. 

When performing a_high-potential 
test with d-c, the initial application of 
voltage will cause a high charging cur- 
rent which exponentially decays to a 
lower steady-state value (consisting of 
actual leakage current and the dielec- 
tric absorption current, Fig. 1). Since 
most items tested present a capacitive 
load which initially acts as a short cir- 
cuit, the high initial inrush current is 
determined by the change in voltage 
and the circuit series resistance. There- 
fore, it is possible to charge even a large 
item with a very small d-c test set by 
raising the voltage slowly enough to 
keep initial charging current below the 
maximum output capabilities of the 
test set or by using a current-limiting 
series resistor. Many high-potential test 
sets (especially those used in high- 
production or automatic test equip- 
ment) can supply exceptionally high 
initial charging currents to shorten test 
time. 

In many cases, the rate of change of 
current is more important than actual 
magnitude. However, comparison of 
leakage current with values obtained in 
prior tests of the same equipment will 
give a good indication of insulation con- 
dition. Higher leakage current is usu- 
ally an indication of poorer insulation, 
but this is a matter difficult to evaluate 
in a single test. As long as the curve 
of leakage current vs voltage is of the 
general shape shown in Fig. 1, and as 
long as the knee occurs above the maxi- 
mum test voitage required, the equip- 
ment being tested may be considered 
satisfactory. 

Test Vcltage Magnitude. Unfortun- 
ately, specifications are not always 
available to give the magnitude of test 
voltage, but there are guides that may 
be used. For consumer items, Under- 
writers Laboratories and others usually 
specify an a-c test potential of twice 
the operating voltage plus 1000. This 
figure is also generally accepted in pro- 
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ABC 15—1 
For meter: Add suffix ‘‘M’’ to Model No. and $20.00 to price. 
Rack Adapter: Model RA-4 (for 2 units), RA-5 (for 1 unit) 
available at $15.00 each. 
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KEPCO “ABC” POWER SUPPLY 


Its small, lightweight design makes the Kepco “ABC” 
Power Supply equally at home on the test bench for 
R & D, rack-mounted as a system element, and chassis- 
mounted as a modular component. 


Its precise, versatile capability makes it compatible 
with stringent and varied applications: 

B Line/Load Regulation: 0.05% ™ Stability: 0.05% or 
6mv, whichever is greater @ Ripple: 0.5mv RMS @ 
Input: 105-125v ac, 50-440 cps ™ Constant Current 
operation HM Remote Programming at 1000 ohms per 
volt &@ Remote error sensing: to maintain regulation at 
the load & Automatic overload protection @ Adjustable 
current limiting. 


Its Low Price is achieved by efficient design without 
sacrifice in quality and reliability. 


131-34 SANFORD AVENUE « FLUSHING 52, N. Y. 
Area Code 212 IN 1-7000 * TWX # NY 4-5196 
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duction testing of components and sub- 
assemblies. Acceptance testing is fre- 
quently made at about 80 per cent of 
the factory test voltage, while mainte- 
nance testing is performed at 50 to 80 
per cent of factory voltage, depending 
upon equipment age and the facility 
involved. Tests on insulation materials 
are generally well described by speci- 
fying agencies such as ASTM. These 
specifications not only describe the 
method of test and test voltages to use, 
but the test fixtures as well. 

Conversion factors (the value of d-c 
test voltage to use when a-c test voltage 
is given) may range from 1:1 to as 
high as 4:1. A value of 1.7:1, with d-c 
voltage of 1.7 times a-c test voltage, 
is quite common. 

High-Potential Test Set Size. With the 
current high-potential 
testing, it is important that anticipated 


emphasis on 
as well as present requirements be 
evaluated when selecting the size of a 
test set. As a rough guide, it is sug- 
gested that the maximum voltage range 
of the tester be at least 25 per cent 
higher than the maximum voltage an- 
ticipated. If much testing is to be con- 
ducted at lower voltages, it might be 
desirable to include multiple ranges 
in the unit..The kva rating of an a-c 
tester is greatly dependent upon ca- 
pacitance of the item being tested. For 
small items such as appliances, other 
onsumer equipment and small motors, 
a high-potential tester with a rating of 
1 kva or lower is usually adequate. Ma- 
terials testing specifications frequently 
req.ire a 2-kva unit. For testing large: 
equipment, test-set size may be calcu- 
lated once capacitance of the item to 
be tested is known. On larger items, 


Fig. 2 


the capacitance greatly exceeds the 
leakage current; thus, the quadrature 
current may be used as a basis for 
selection. With the normal 60-cps sup- 
ply: 
= 377CE, 
and 
KVA,, = 0.377CE,E 

where 
quadrature current in ma 
kva rating of high-potential 
tester 

C =capacitance of unit under 

test in pe 
E, = test voltage in kv 
E = maximum test-set voltage in 
kv 
Or, where tests are to be made at sub- 
stantially full test-set voltage: 
KV A,, = 0.377CE? 

The chart in Fig. 2 shows the kva rat- 
ing required to test a given load. 

It is often necessary to test both 
large and small items. Since test-set 
efficiency decreases at the low end of 
the voltage range, a 100-kv high-poten- 
tial tester is not too satisfactory for 
making tests at 500 or 1000 volts, nor 
is a unit capable of delivering 5 kva 
entirely satisfactory for testing equip- 
ment requiring only 5 va. The cost 
of the special features necessary to 
read both large and very small currents 
usually amounts to more than the price 
of a second small unit. 

While a-c high-potential testers are 
generally rated by kva available at 
maximum voltage, d-c testers are rated 
by maximum voltage and current. Se- 
lection of d-c test sets is influenced 
primarily by maximum leakage current 
and charging current needed.: The 
minimum expected value of leakage 
current must also be known in order 
to select the proper low-current range, 
since most d-c test sets are multi-range 
instruments. If the minimum accept- 
able insulation resistance and the re- 
quired test voltages are known, ex- 


Al A 


ii 


telation of maximum capacitive load that can be tested, kva rating of high- 


potential tester, and maximum tester output voltage. For example: a 30-kv, 5-kva test 
set can test a motor with up to 0.015 wf capacitance, winding-to-frame. 


pected leakage current may be calcu- 
lated by using Ohm’s law. 

The high-potential tester chosen 
should have a low-current range of not 
more than four or five times the value 
of leakage current of interest. The 
highest current range of the tester will 
depend on the length of time available 
to charge the item under test, since the 
higher the maximum current rating, 
the faster the voltage can be raised 
without overloading the tester. A 2.5- 
ma high-potential tester is adequate 
for most cable and rotating machinery 
applications, but 5- and 10-ma ratings 
are also common. 

Combination A-C/D-C Test Sets. Al- 
though combination high-potential test- 
ers are available, it is more satisfactory 
(and as economical) to have separate 
units. The voltage doublers and quad- 
ruplers often used in d-c test sets per- 
mit use of a transformer with an out- 
put voltage of only one-quarter to one- 
half that of the tester itself. In an a-c 
high-potential tester, a larger trans- 
former rated at the full voltage of the 
test set is required. Metering and pro- 
tective circuits which are effective for 
d-c are not best for a-c testers. Voltage- 
control equipment required on an a-c 
set is much larger than that required 
on d-c sets because of the larger a-c 
components. The combination tester 
usually represents a compromise with 
the added complication of high-voltage 
switching problems. 

Corona. With the advent of new in- 
sulation materials and higher-altitude 
operation, corona has become increas- 
ingly important. This corona may be 
internal (within a void in the insula- 
tion), in which case the cumulative de- 
terioration is of particular significance 

especially with materials such as My- 
lar and TFE-fluorocarbon; or the co- 
rona may be external to the equipment 
being tested, originating at or around 
the connections or exposed high-voltage 
points; or, finally, the corona may be 
within the test set itself. Corona masks 
the reading of leakage current and 
makes evaluation of the high-potential 
test more difficult. 

Eliminating external corona is usu- 
ally relatively simple when making a 
test with a modern high-potential tester 
having special bypass circuits. The co- 
rona is offered a low-resistance path 
bypassing the current-metering circuit, 
so the instrument only measures true 
leakage current. 

Regardless of how corona is detected, 
it is virtually impossible to distinguish 
corona emanating from the test equip- 
ment from that generated within the 
equipment being tested. While a good 
high-potential test set is relatively co- 
rona-free up to two-thirds or three- 
fourths of its maximum output voltage, 
sensitive corona test equipment would 
indicate some corona present (not vis- 
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SPECIFICATIONS 

Capacitance 

Range: 0 to 120,000uF at 120 cps 

Accuracy: +(1% of reading +10upuF) 

Sensitivity: +(0.1% of reading +1]0upuF) 
Dissipation Factor 

Range: 0 to 120% at 120 cps 

Accuracy: +(2% of reading +0.1% DF) 

Sensitivity: +(0.2% of reading +0.05% DF) 
Maximum Voltage to Unknown 

A-C: 0.5v RMS at 120 cps 

D-C: 0-600v (external) 
LT eT tra itera 

Built-in Galvanometer to 

Indicate Bridge Balance 
Power Input 

105-125v, 60 cps, 15w 
Case 

Sturdy Aluminum Cabinet with 

Blue Textured Finish, Grey Panel 
Dimensions 

12° Wide x 12: High x 6 Deep 
Note: Five other models, with-variations in power 
inputs and test frequencies, are also available 


ELECTRONIC PRODUCTS by SPRAGUE 


Now! For the first time... 


TEST 
ELECTROLYTIC 
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Safely... 
Accurately... 
Simply! 


m The Sprague Model 1W1 Capacitance Bridge introduces a new 
concept in bridge design. Built by capacitor engineers for capacitor 
users, it incorporates the best features of bridges used for many years 
in Sprague laboratories and production facilities. 


@ The internal generator of the 1W1 Bridge is a line-driven 
frequency converter, and detection is obtained from an internal 
tuned transistor amplifier-null detector, whose sensitivity increases as 
the balance point is approached. It has provision for 2-terminal, 3- 
terminal, and 4-terminal measurements, which are essential for accu- 
rate measurement of capacitors with medium, low, and high capaci- 
tance values, respectively. 


m@ The Model 1W1 Capacitance Bridge will not cause degradation or 
failure in capacitors during test, as is the case in many conventional 
bridges and test circuits. The 120 cycle a-c voltage, applied to capac- 
itors under test from a built-in source, never exceeds 0.5 volt! It is 
usually unnecessary to apply d-c polarizing voltage to electrolytic 
capacitors because of this safe, low voltage. 


For complete technical data on this precision instrument, wrife for Engineering 
Bulletin 90,010 to Technical Literature Section, Sprague Electric Company, 
307 Marshall Street, North Adams, Massachusetts. 
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ible or audible) at voltages as low as 
one-fourth to one-third of the rating. 
The corona test set consists of a spe- 
cially constructed corona-free high- 
potential tester, a pickup device to ab- 
stract the true corona voltage from the 
test voltage, and a corona-detection and 
display section which presents the dis- 
charge on a built-in oscilloscope and 
indicates the exact starting voltage. 

Insulation Resistance. The d-c high- 
potential tester is an invaluable tool in 
making insulation-resistance measure- 
ments at higher voltages. As in ordi- 
nary high-potential testing, the voltage 
is raised to the desired value, the cur- 
rent is allowed to stabilize, test voltage 
read and the insulation resistance cal- 
culated by Ohm’s law. 

Curves of insulation resistance vs 
voltage will yield much information to 
the experienced operator. Records of 
insulation resistance values at a spe- 
cific voltage may be kept and compared 
from test-to-test or year-to-year. 

Insulation resistance may also be 
measured with standard megohmmeters. 
These instruments give a direct reading 


ot insulation resistance at a 500-volt, 
or higher, test potential. This test in- 
strument should not be confused with 
a high-potential tester, since insula- 
tion resistance usually has little or no 
direct relationship to electric or break- 
down strength. For example, an actual 
void in the insulation may show an ex- 
ceedingly high value of insulation re- 
sistance even though it would permit 
breakdown at a relatively low voltage. 
Insulation resistance measurements 
with a megohmmeter are of help in de- 
termining whether the item under test is 
even suitable for high-potential testing. 
If insulation resistance is abnormally 
low, the material is defective and there 
is no need to make the high-potential 
test. 

Instead of waiting for the current 
to stabilize before calculating insula- 
tion resistance, readings of voltage and 
current can be taken at fixed time in- 
tervals during a leakage-current vs 
time test and insulation resistance cal- 
culated for each step. A plot of insu- 
lation resistance vs time is known as 
the absorption curve and is often used 
when testing rotating machinery. In a 
good insulation system, this curve will 
rise rapidly at first because of the de- 
caying charging current. The more pro- 
nounced the rise, the better the insu- 
lation. A relatively flat curve will indi- 
cate moist or dirty insulation. 

The ratio of insulation resistance at 


Universal-Motor Speed Controls 


F. W. GUTZWILLER, Manager 
Application Engineering Center 
Rectifier Components Department 
GENERAL Exvectric Company 
Auburn, New York 


THE UNIVERSAL MOTOR is widely used 
in applications which require high 
torque during starting and at low 
speeds. Since it is a series motor, it 
can operate over a wider range of 
speed and torque than a shunt motor 
with fixed field. When used in a half- 
wave circuit, the series or universal 
motor has an added advantage over the 
shunt motor in that its output torque 
is approximately proportional to the 
square of the rms value of armature 
current rather than the first power of 
the average value. 

The silicon controlled rectifier (SCR) 
is particularly applicable to the control 
of universal motors wherever a wide 
range of speed is required from a 
single-phase a-c line. Since SCR’s are 
rated basically on an average current 
rather than an rms current, they are 
well suited to the control of the uni- 
versal motor in the half-wave circuit 
where the ratio of /,.../l,,. is particu- 
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larly high. In such cases, the series 
motor derives more torque and power 
from the supply than a shunt motor 
of the same size. 

Phase Control without Feedback. Fig- 
ure 1 shows how a single SCR can be 
connected in series with a universal 
motor to secure variable voltage on the 
motor and thus control the speed. The 
RC network in the SCR gate circuit 
varies the phase relationship of the 
gate signal with respect to the supply 
voltage. When the gate of the SCR 
becomes positive with respect to the 
cathode during the positive half-cycle 
of the supply, the SCR fires, thus clos- 
ing the circuit and delivering power 
to the motor for the remainder of that 
half cycle. If the SCR is fired early in 
the cycle, essentially full line voltage 
is applied to the motor and it will 
operate at high speed. If the firing is 
late in the cycle, only a small fraction 
of the line voltage is applied to the 
motor and it operates at a reduced 
speed. During the negative half-cycle, 
the SCR blocks the flow of current to 
the motor. 

The firing angle of the SCR (and, 


hence, the motor speed) can be varied 


the end of ten minutes to the resist- 
ance at the end of one minute is known 
as the polarization index. If the polari- 
zation index is less than two, it is 
usually an indication of excessive 
moisture or contamination. Values of 
ten or more are common when testing 
large motors or generators. 

Caution should be exercised in eval- 
uating the importance of insulation- 
resistance measurements. The absolute 
value is not critical, but relative order 
of magnitude or the change in value as 
the test progresses is significant. Fac- 
tors such as temperature and humidity 
can have a great effect on the insula- 
tion-resistance reading. 

Safety. The element of danger in 
high-voltage testing may be minimized 
when properly constructed equipment 
is used with care. When making d-c 
tests on high-capacitance equipment, 
such as long lengths of cable, it is im- 
portant to put an external ground on 
the cable before disconnecting it from 
the high-potential tester. It is equally 
important to wear rubber gloves at this 
point because the effect of absorption 
currents may cause a voltage build-up 
on the item under test until it has been 
grounded for some time. 

Careful study of the item under 
high-potential test with a clear under- 
standing of the proper procedure and 
necessary precautions will result in 
dependable and valuable results. O O O 


Fig. 1—Silicon controlled rectifier con- 
nected in series with universal motor to 
achieve speed control. 


by adjusting Rl to change the dis- 
charge time of capacitor Cl. Diode 
CR1 bypasses resistor R2 during the 
capacitor discharge time and CR2 pro- 
tects the SCR against the flow of re- 
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keep your signals clean with 
engineered magnetic shielding 


Keep stray magnetic fields out of your high gain 
input transformers and cathode ray tubes. Keep 
your signals free of noise, hum, cross-talk and 
distortion. You can do it only with engineered 
magnetic shielding. 


These high-permeability shields are made from ex- 
isting tools in a broad variety of single and multiple 
structures—cylinders, spheres, truncated cones 

for applications ranging from de into the audio 
range and higher. They can be used with almost 
all conventional transformer core and coil assem- 
blies to provide any degree of magnetic, electro- 
static or RF shielcing against undesired signals of 
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all classes. Reduction of field strengths to 100 db 
and beyond is common. 


With Magnetic Metals shielding, both the electrical 
and mechanical engineering is already done for you. 
Simply let us know your requirements... We'll 
engineer the exact type of shielding you need. In 
selection of raw material, design, fabrication, an- 
nealing, testing and gaging, Magnetic Metals has 
amassed a great backlog of shielding experience. 
For a better understanding of shielding and help in 
specifying it, write for our informative booklet, 
‘‘Magnetic Shielding of Transformers and Tubes.” 


NIAGNETIC METALS COMPANY 
Hayes Avenue at 21st Street, Camden 1, N.J. 

853 Production Place, Newport Beach, California 
transformer laminations + motor laminations « tape-wound cores 
powdered molybdenum permalloy cores « electromagnetic shields 
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verse current in the gate-to-cathode cir- 
cuit. 

As it stands, the circuit in Fig. 1 has 
the drawback of having a drooping 
speed-torque characteristic. As the load 
is increased, the motor slows down; and 
if the load is removed. the motor runs 
up to a high speed. To achieve essen- 
constant characteristics 
with varying load, some type of feed 


tially speed 
back is necessary. This is achieved in 
the next three circuits. 

Feedback by Residual Field. The cir- 
uits shown in Figs. 2(a) and 3(a) 
make use of the motor residual field 
to induce an emf in the armature pro- 
portional to speed. This voltage is used 
2s a spec? feedback signal. The circuit 
in Fig. ) was developed by Mom- 
berg and saylor of The Singer Manu- 
facturing Co. (Pat. No. 2,939,064, May 
31. 1960). The position of the SCR 
relative to the motor armature and its 
field is changed so that it is connected 
field windings and the 
armature. Voltage V,, is taken from the 
tap of 
rectly across the line. The voltage is 
thus an attenuated sine wave in phase 
with the voltage across the SCR. When 
the motor is standing still, no voltage 
is induced in the armature by the 
residual field and the SCR fires early 
in the cycle. providing ample armature 
voltage to start the motor. As the motor 
speeds up. its residual induced voltage 


between the 


a potentiometer connected di- 


increases in proportion to the speed. 
This voltage on the armature prior to 
the firing of the SCR bucks the flow 
of gate current and requires that volt- 
age V,. reach a higher value before the 
SCR will fire. This automatically re- 
tards the firing angle, allowing the 
motor to reach a stable speed. 

If a load is now applied to the motor, 
its speed tends to decrease, reducing the 
residual induced voltage and automatic- 
ally advancing the firing angle. This 
increases the motor torque to handle 
the increased load and maintains speed 
at an essentially constant value. The 
eperation of the circuit is clarified by 
the voltage waveforms in Fig. 2(b). 

While this circuit is outstanding for 
its simplicity and low cost, it is limited 
by the fact that the SCR cannot be 
consistently fired at a firing angle. a, 
greater than 90 This prevents 
stable operation at very low speeds. 


deg. 


The circuit also has a tendency to hunt 
when it is operating at a firing angle 
near 90 deg if the line voltage varies. 
\ slight drop in the amplitude of V, 
caused by a line-voltage drop will 


abruptly reduce the voltage being ap- 
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Fig. 2- 


Speed-control circuit (a) using residual induced voltage of motor armature 


as a feedback signal. (Developed by Singer Manufacturing Co.) Waveforms describ- 


ing operation are shown at (b). 





’ Y 





Fig. 3 
control so that low speeds can be obtained. 








Fig. 4 


plied to the armature from 50 per cent 
of maximum to zero. However, in many 
applications these are not serious limi- 
tations. 


Circuit schematic (a) and waveforms (b) 
during the negative half-cycle of the supply. 


Circuit schematic (a) and waveforms (b) fox improving operation of speed 


for a circuit which uses feedback 


When stable operation at very low 
speeds is a necessity, the circuit of 
Fig. 3(a) is recommended. This circuit 
also uses the residual induced field for 
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now see thi 


with Panoramic’s LP-1a 


Bandpass response 
for 2 cps |-F 
bandwidth 


° 0 20 30+ 


2 Cps resolution from 5 cps through 20 ke 


PANORAM 
at. 


SONIC SPECTRUM ANALYZER 


IN COMBINATION 


C ? AUXILIARY FUNCTION UNIT. 


Panoramic’s new low cost system, consist- 
ing of the famed Model LP-la Sonic 
Analyzer, new C-2 Auxiliary Function 
Unit and RC-3b Recorder, is designed to 
solve an extremely wide range of noise, 
vibration and other waveform analysis 
problems. 

The system is designed for simplicity in 
use. Its operating parameters are readily 
adjustable to fit widely varying analysis 
requirements. For quick spectrum ap- 
praisal ...1 sec. log scan from 40 cps to 
20 ke. For precise detailed analysis .. . 30 
preset linear scan widths of 20 to 5000 eps, 
centerable between C and 20 kc; 1 sec. to 
16 hrs. scan intervals; 2 cps to 200 cps 
steep skirted selectivity range. 

Direct frequency and amplitude readouts 
of discrete and random waveform con- 
tents are fast and accurate ... simplifying 
use at production test stations or in the 
laboratory. 

Indeed, whether your need is to analyze 
random or line spectra either with com- 
ponents deep in noise or widely apart in 
level but close in frequency, this new 
Panoramic system is your assurance of 
faster, easier solutions. 


electronics.inc. 


Formerly Panoramic Radio Products, Inc 


NEW 


Narrow I-F bandwidths 
with steep skirts enable: 


a) analysis of CW signal 
deep in noise 


b) amplitude measurement 
of weak signal close 
to very strong signal. 


AMONG THE SYSTEM’S OUTSTANDING CAPABILITIES: 
Overall frequency range: 5 cps to 22,500 cps 


Scan provisions: Precalibrated ‘quick look’’ log scan 
40 cps to 20 ke in only one second. For precise de- 
tailed analysis 30 selectable pre-set linear scans 20 
to 5000 cps wide, centerable anywhere between 0 
and 20 ke. Scan times: 1 and 10 sec. with C-2 and 30 
sec. to 16 hrs. with RC-3b Recorder. Latter permits 
unattended analysis, provides longer sampling times 
required for best selectivity and quantitative random 
signal analysis 


Selectivity characteristics: Automatic optimum reso- 
lution (1 second scan) plus adjustable I-F bandwidths 
from 2 cps to 200 cps with extremely steep skirts 
see graph above—closely approaches idealized fil 
ter desired in random signal analysis. 


Readout: 5” CRT and 12” x 41/2” 
RC-3b Recorder). 


Calibrated amplitude scales: Linear and 40 db log. 


inked chart (with 


Residual distortion: Dynamic range better than 60 db 


Analyzer stability: Less than 5 cps/HOUR drift (after 
warm-up) insures meaningful analysis with 2 cps 
resolution 


Sensitivity compensation, random and discrete: Sen- 
sitivity remains constant for all I-F bandwidth settings 
for either random or discrete input signals 


Adjustable smoothing time constant: Smooths ran 
dom fluctuations, clearly displays average noise level 
at each frequency for faster more easily appreciated 
analysis. 


Manual scan control: CRT beam and analyzer tuning 
positioned anywhere within sweep width range for 
extended time vs. amplitude studies. Amplitude vs 
time analysis also provided with RC-3b Recorder. 


4 

) dependable 
CERTIFIED 

) SPECIFICATIONS 


for accurate 
data 


For detailed information on the LP-la, C-2, 
and RC-3b, separately or rack mounted 
as a system, CALL, WRITE or WIRE: 


504 South Fulton Avenue, Mount Vernon, N.Y. @ Phone: (Area Code 914) OWens 9-4600 @ TWX: MT-V-N.Y. — 5229 @ Cables: Panoramic, Mount Vernon, New York State 
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a feedback signal, but it permits a very 
short conduction time for the SCR and 
hence provides for very slow-speed 
operation. 

During the negative half-cycle of the 
supply voltage, capacitor Cl has no 
charge on it [Fig. 3(b)]. During the 
positive half-cycle, Cl charges up ex- 
ponentially to a constant potential de- 
termined by the Zener diode CR3. If 
the motor armature is standing stiil, 
no voltage is induced in it bv the 
residual field, and gate current to the 
SCR flows as soon as V, exceeds the 
forward voltage drop of CR1 and the 
gate drop of the SCR. This wili fire 
the SCR early in the cycle, providing 
ample energy to accelerate the motor. 
As the motor approaches the preset 
speed, the residual induced voltage 
builds up. This voltage is positive on 
the top terminal of the armature and 
bucks V, so that the motor will not 
exceed the preset speed. 

Once the motor has reached operat- 
ing speed, the residual induced voltage 
provides automatic speed regulation. 
For instance, if a heavy load starts to 
pull down the speed, the induced volt- 
age decreases and the SCR fires earlier 
in the cycle. Conversely, a light load 
with its tendency to increase the speed 
raises the residual voltage, thus retard- 
ing the firing angle. 

Potentiometer R2 is used to adjust 
the speed by controlling the charging 


rate of capacitor Cl. When R2 is at 
a low value, V, builds up fast and fires 
the SCR early in the cycle. When R2 
is at a high value, V, builds up slowly 
so that firing occurs late in the cycle. 
Both these conditions are shown in 
Fig. 3(b). 

Not all types of motors perform sat- 
isfactorily in the circuits of Figs. 2 and 
3 because of the varying degree of 
their residual induced voltages. Motors 
with low-hysteresis iron tend to have 
a low residual voltage and therefore do 
not have enough feedback voltage. At 
rated line voltage, the no-load residual 
induced voltage in a motor should be 
on the order of 5 volts or more to be 
used satisfactorily in these circuits. 

Feedback during Negative Half-Cycle. 
The circuit in Fig. 4(a) is similar to 
that of Fig. 1, except that the induced 
armature emf of the motor (instead of 
the line voltage) is used to precharge 
capacitor Cl. When the line voltage is 
negative, the series field is excited 
through R3 and CR3. This induces a 
negative voltage in the armature that 
is proportional to the speed of the 
motor and the field strength. The nega- 
tive armature voltage places a charge 
on Cl through CR2 and the SCR gate 
so that the top terminal of Cl is nega- 
tive with respect to the bottom. [See 
the waveforms in Fig. 4(b).] When 
the line voltage swings positive, Cl 
discharges through R1 at a rate de- 
pendent on the time constant of the 
R1-C1 circuit. When V, becomes posi- 
tive, the SCR is fired by gate current 
that flows through CR2 and line volt- 
age is applied to the motor. The dashed 
curve of Vg in Fig. 4(b) represents 
the condition when the motor is lightly 
loaded. During the negative half cycle, 
V, reaches a peak value of Ey,, and 
fires the SCR at angle a,. If a-heavy 


Water-Cooled Pipe for Generator Test Loading 


J. C. COPELLA and M. S. MAY 
Carbon Products Division 

SPEER CARBON COMPANY 

St. Marys, Pennsylvania 


THE ELECTRICAL LOADING of generators 
(for brush and commutation investiga- 
tions, for instance) is usually accom- 
plished by resistance grids or by the 
“loading back” method in which the 
generator supplies part of the power 
to its own driving motor. For low- 
voltage generators particularly, a 
method of loading using steel tubing 
carrying flowing water has been found 
to offer flexibility, smooth control and 
space saving. 

By cooling a steel tube with flowing 
water, the tube is capable of dissipat- 
ing tremendous amounts of energy in 
proportion to its physical size. A weld- 
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ing generator rated at 150 amp, 30 
volts, for instance, is fully loaded using 
a total of 1814 ft of steel tubing having 
an OD = 0.312 in. and an ID = 0.242 
in. A single tube of this length is me- 
chanically awkward and, furthermore, 
the dissipating capacity is reduced be- 
cause of overheating of the water at 
the discharge end. The water can be 
discharged through short parallel tubes, 
which can be electrically connected 
in series or in parallel, as required. 
Electrical connections are made with 
flexible leads and pressure couplings. 
Tubing Calculations.* A typical de- 
sign for a load will demonstrate the 
principles. A 30-volt generator is rated 
at 1000 amp (30 kw). 
* Elements of Chemical Engineering, Badger and Mc- 


Cabe, McGraw-Hill Book Company, Inc., New York 
(1936). 


load is applied to the motor, it tends 
to slow down, thus reducing the induced 
armature voltage and limiting the peak 
negative value of Vg to Ey,. The ca- 
pacitor therefore discharges sooner 
than under no-load conditions, swing- 
ing positive and firing the SCR at angle 
a,. This advance in the firing angle 
increases the voltage applied to the 
motor and delivers additional torque 
to the motor to compensate for the in- 
creased load. 

The Zener diode, CR4, provides a 
constant voltage for the discharge of 
Cl, allowing the circuit to be controlled 
smoothly. The desired speed setting is 
obtained by adjusting Rl. Capacitor 
C2 and resistor R4 are connected from 
the gate to the cathode of the SCR to 
stabilize the circuit by preventing the 
SCR from being fired by extraneous 
signals. 

While the performance achieved by 
the use of the circuits described here 
is entirely adequate for the majority 
of universal-motor applications, a higher 
degree of speed regulation can be 
achieved by more sophisticated types 
of feedback and firing circuits.* Feed- 
back gain and pulsed types of gate 
signals, such as those developed by uni- 
junction transistors, provide improved 
regulation and stability over wide speed 
ranges with little or no need for special 
calibrating adjustment for individual 
SCR characteristics. These more com- 
plex circuits also eliminate the effects 
of temperature on the SCR _ firing 
characteristics, and therefore on the 
speed regulation also. In the circuit de- 
scribed, temperature effects can be 
minimized by the use of generous heat 
sinks or forced cooling for the SCR. 


* See “Controlled Rectifier Manual,’’ ECG-442, Semi- 
conductor Products Dept., General Electric Co., Liver- 
pool, N. Y. 


Assume: water temperature at inlet, 
60 F: water temperature at outlet, 
140 F: steel tubing size, OD = 0.500 
and ID = 0.430 in. (No. 20 gage); 
resistivity of the tubing, 0.00003 ohm- 
in. (steel at 200 F). 

Required: length of tubing, mean 
temperature of the tubing, and water 
velocity and head required to overcome 
friction at that velocity. 

The ohmic load required = 30/1000 
= 0.03 ohm, and the tube cross-sec- 
tional area = 0.051 sq in. Tube length 
required is: 


RA/p = (0.03 X 0.051)/0.00003 = 51 in. 


where R = resistance, A = area in 
sq in., and p = resistivity in ohm-in. 
One kw = 56.88 Btu/min; a 30-kw 
generator will deliver 1706 Btu/min 
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This relay is headed toward destruction. It’s Babcock’s BR7X 10 amp crystal can relay—one of hundreds regularly 
pulled from assembly and life tested to determine point of failure. 

Two years ago, recognizing a growing need among military users for reliability-tested components, Babcock established 
the relay industry’s first reliability program. Under this program, each test sample is subjected to hundreds of 
thousands of operations at loads varying from 1 « amp to 10 amps, temperatures from —65° C to +-125° C, vibration 
of 5 g to 3,000 cps, and shock beyond 1000 g. An outgrowth of this program has resulted in elimination of the most 
prevalent cause of failure in hermetically sealed relays. Through use of activated getters, contaminants emitted at 
elevated temperatures are prevented from fouling relay contacts, the major cause of erratic performance and eventual 
failure. Up to 99% of organic contaminants remaining after production degassing are effectively absorbed by this desicant. 
Additionally, the BR7 Series features a highly efficient magnetic structure to provide optimum force with minimum 
power, and gold plated AgMgNi contacts for effectively switching widely varying loads with minimum contact resistance 
and bounce. 

The BR7 is one good reason why Babcock relays, more than any other manufacturer’s, are specified for military relia- 
bility programs. For complete reliability information, write for Failure Rate Data and Reliability Report E-012—for BR7 
product data, request Technical Bulletin BR612. 
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not for sale 


Specifications of Standard BR7X Relays 
VIBRATION: 30g, 40-2000 cycles, 10-40 
cps @ 0.4’ 

SHOCK: 50g, 11 millisec. 


LIFE: 100,000 operations min. @ 10 
amps and 125° C to MIL-R-5757D 


MILITARY SPECIFICATIONS: MIL-R-5757D 
and MIL-R-25018 


SIZE: .515” x 1.075” x 1.300” high 


| Sabeack Relays 


1645 Babcock Avenue, Costa Mesa, Calif. 
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under full load. In raising the tempera- 


ture of water, 


Btu/min CH t) 


where 
C = specific heat of water 
W = weight of water, lb/min 
t == initial water temperature, deg F 
t final water temperature, deg F 


Then, 


Btu/mi LTO , 
uN gees ~ = 9) 31b/min 
Cd, — t) x 80 


Since the density of water at 100 F is 
62 lb/cu ft. the volume of water re- 
quired will be 21.3/62 or 0.344 cu ft 
min. The water velocity is the volume 
rate divided by the cross-sectional in- 


ternal area of the tube: 


0.344,0.001 
344 ft/min, or 


velocit \ 
5.75 ft/sec 


number 
further calculations is 


The Reynolds required for 


Re (Dup) /u 


where 
D = ID of the tube, ft 
u = velocity of the water, ft/sec 
p == density of the water at 100 F. 
lb/cu ft 
viscosity of the water at 100 F. 
English units 
Then, 
Re (0.036 * 5.75 & 62) 
0.000457 —= 28.000 
The head required to give the calcu- 
lated veloc ity can be derived from the 
formula for smooth, clean circular pipe: 


0.00777 


H,;D - 
0 OOOO8T -+ 
Lu (Re) 


whe re H 
fa: £ 


head loss due to friction, 
length of tubing, ft. Then, 


0.00777 
0 OOO08, 


re + % 1 0.0004 


0.0004 


iH 
1.56 ft 
rhis can be converted to gage pressure: 
psig 0.434 * 1.56 0.677 


Dittus-Boelter 
the film coefficient can be 


Using the equation, 


calculated: 


coefficient of heat transfer 
ei Dewe\ fCe 

0 .0225- 
D u k 


k = thermal conductivity of water at 
100 F, English units 


where 


, == viscosity in lb/(ft-hr) 


2.42 centipoises 


The 
0.302 


0.0255 > a 034 28.000) 
v0 


lx 1.65 
0.362 


= 1490 Btu /lu sq {t deg EF 


For calculating tube temperature, 
the temperature of the tubing is as- 
sumed to be uniform throughout its 
length: 


O= Btu/hr = UV(At,,) 102,360 
where 

’ — overall film coefhicient, 
which is the same as the 
value for h calculated above 
(1490) 
average 
ditions 


under the assumed 


temperature con- 


= area of heating surface 
= 0.56 sq ft 
(Af,,) == mean temperature differ- 
ence between tubing and 
water 
Then, 
(At) (Ate) 
(At) 
(Ab) 


(Al) 
2.303 log 


where 

(At,) ==temperature difference be- 
tween tubing and water at 
inlet 
temperature difference be- 
tween tubing and water at 
outlet 


(At. ) 


From the foregoing, by substitution, 
the actual tubing temperature, t, equals 
220 F, which indicates that the selected 
tubing is satisfactory. Some energy 
would be dissipated to the air, but this 
is insignificant in comparison to the 
water-absorbed heat. OOO 


Infrared Spectrometer with Increased Sensitivity 


IN THE PRESENT state of the art of infrared 
spectroscopy, inadequate sensitivity often 
makes it difficult to obtain data on weak 
sources of radiation. To overcome this, 
Block Associates, Inc., with partial spon- 
sorship of the Geophysics Research Di- 
rectorate of the Air Force Cambridge 
Research Laboratories, has developed a 
technique of interference spectroscopy and 
reduced it to practical laboratory and 
field instruments. The interferometer spec- 
basically attains increased sen- 

making more efficient use of 
the measuring time, by examining all 
wavelengths simultaneously, and by re- 
quiring no entrance slit, as in conventional 
instruments. 

\ block diagram of the spectrometer is 
shown in the accompanying figure. Since 
most detectors are not fast enough to 
follow the fluctuations of the radiation, 
the interferometer is used to 
When one of the mirrors in 
the interferometer is moved back and 
forth at a slow constant velocity, there 
is an alternate brightening and darkening 
of the central fringe. The infrared detector 
is placed at the central fringe so that it 


trometer 
sitivity by 


“slow down” 
the waves. 


Block diagram of interferometer 


Cambridge, Mass. 


spectrometer 


converts the alternate brightening and 
darkening into an alternating electrical 
signal. 

If the mirror velocity is kept constant, 
the frequency of the detector output is 
directly related to the wavelength of the 
incident radiation, assuming for the mo- 
ment that the radiation is at one given 
wavelength. If another wavelength twice 
as long as the first should be substituted 
as the radiation source, the a-c output 
signal would be one-half the frequency of 
the first. The amplitudes of the two signals 
would remain the same if the maximum 
brightness of the two sources were the 
same. If incident radiation containing 
many wavelengths is introduced into the 
system, the output of the detector consists 
of a superposition of all the a-c signais 
which correspond to all’ the wavelengths 
in the This output is amplified 
and recorded on a magnetic tape which 
can be “played back” on a 
analyzer. 

The instrument is composed of an opti- 
cal head which measures 242 x 2% x 8 
in. and an electronics package 
6 x 8 x 10 in. 


source, 


spectrum 


measuring 


made by Block Associates, Inc., 
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Right in the middle of the picture 

at left are two coils, actual size, 

each with 250 turns of 56-gauge 
(.00049”) wire and soldered-on leads. 
We engineered it. 

We made it 

It worked. 

Every time. 





The picture below gives youa 
vaguely classified idea of where 

it is used. 

The coils came out of our Miniature 
Products Division, which utilizes 
new processes to achieve the ultimate 
in ampere turns density per cu. mm. 
We engineer and manufacture more 
of all kinds of coils than any 
company you can buy from; and we 
love problems that no one else wants. 
Some fresh new literature 

tells quite a bit about us. 


Please ask us to send you some. 


FIRST 


WABASH MAGNETICS, INC. 


AND WEBSTER STREETS BASH N ANA 





ASSOCIATION Activities 


Electrical Insulation Conference Details 


There has been one change in the 
tentative program for the 1962 Elec- 
trical Insulation Conference, Materials 
and Applications, which was printed in 
this department last month. Session 


3-A, Encapsulated Distribution Trans- 


formers, will be held on Thursday 
morning. February 22, instead of on 
Wednesday. 

The following papers being presented 
at the Conference at the Shoreham 
Hotel, Washington, D. C., may be of 
special application interest: 

e@ Tuesday, February 20 Session 
1-B, “Insulation Evaluation Techniques 
for Motors Used on Heavy Duty Port- 
able Tools.” D. Summerfield and A. 
Gawron, Skil Corp.; “High-Tempera- 
ture Magnet Wires and Their Applica- 
tion in Rotating Equipment.” W. Pen- 
delton and D. DeVries, Anaconda Wire 
& Cable Co. Session 2-B, “Encapsulated 
Motors,” W. Stiffler, Reliance Electric 
& Engineering Co.; “Performance of 
Encapsulated Random-Wound Motors,” 
C. Paxton and L. Teichthesen, Dow 
Corning Corp.; “A Study of Dip-En- 
capsulated Motorettes under Various 
Environmental Conditions,” L. Balk 
and F. Alessi, Sterling Varnish Co. 
Session 3-B, “Fractional-Horsepower 
Motors,” W. Gordon, Westinghouse 
Electric Corp.; “Integral Insulation of 
FHP Motors,” M. DeJean, General 
Electric Co. 

@ Tuesday, February 20 — Session 
1-D, “New Developments and Trends in 
Resins for Electronic Packaging,” 
M. Lee, Leepoxy Plastics; Session 2-D, 
“Silicone Electronic Packaging Ma- 
terials,” R. Spraetz and D. Christensen, 
Dow Corning. 

@ Thursday, Feburary 22 — Session 
4-D, “Recent Developments in Metal 
Oxides for Capacitor Dielectrics,” G. 
Tremblay, Sprague Electric Co.; “Char- 
acteristics of Magnesium Oxide Dielec- 
tric Capacitors,” D. Lupher, Gulton In- 
dustries; “Silicon Dioxide Capacitors,” 
E. Young, Sprague Electric Co.: “Di- 
electrics in Metals for Evaporated-Film 
Capacitors,” F. Maddock, IBM Corp. 

A series of tutorial papers for users 
will be given also. The following are 
typical of these 21 papers to be pre- 
sented by the Insulating Materials Edu- 
cation Division: 

@ Tuesday, February 20 — Session 
1-C, “Dielectric Behavior of Glasses 
and Ceramics,” W. Barney, Corning 
Glass Co.; “Statistical Methods for Pre- 
dicting Electric Breakdown,” W. Gore, 
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W. L. Gore Associates; “Corona Dis- 
charges and Their Effects on Insula- 
tion.” T. Dakin. Westinghouse Electric 
Corp. Session 2-C, “Fundamental As- 
pects for Temperature Classification and 
Thermal Endurance.” G. Moses, West- 
inghouse Electric Corp; Insulation Sys- 
tem Evaluation for Rotating Machines,” 
J. Botts. Westinghouse Electric Corp.; 
“Transformer Insulation System Evalu- 
ation,” F. Vogel and W. Farneth, Allis- 
Chalmers Mfg. Co. 

@ Wednesday, February 21 Ses- 
sion 3-C, “Thermal Aging Studies of 
Solenoid-Coil Insulation Systems,” H. 
Walker, Bureau of Ships, Navy Dept. 

A feature of the Electrical Insulation 
Conference is the inclusion of com- 
ments and discussion by end users in 
many technical sessions. 

Those who will be unable to attend 
the conference may obtain information 
on ordering a copy of the conference 
technical proceedings from National 
Electrical Manufacturers Association, 
155 E. 44 St., New York 17. 

The General Conference Committee 
of the Electrical Insulation Conference 
has formed a Committee on Education, 
Chairman, N. M. Bashara. Professor of 
Electrical Engineering, 
Nebraska; Executive Vice-Chairman, 
A. E. Javitz, EvLectrro-TECHNOLOGY. 
Thus far, 22 leaders in the fields of 
education, industry research, and gov- 
ernment research have accepted mem- 
bership invitations to the education 
committee. At the opening meeting in 
New York City on October 10, the Com- 
mittee on Education set up specific 
objectives and appointed a_ working 
subcommittee. Specific objectives de- 
cided upon include: 


University of 


1. Sponsoring and improvement of both 
undergraduate and graduate courses in the 
insulation field. 

2. Obtaining support for, and organizing 
fellowships for the study of particular in- 
sulation problem areas. 

3. Initiating, seeking sponsorship, and 
making distribution arrangements for pro- 
viding electrical insulation publications to 
educational institutions. 


Workshop on Encapsulation 


A two-day Workshop on Encapsulation: 
Materials and Techniques, will be held 
May 10-11, 1962, at Newark, N. J.. 
sponsored by the Newark Society of 
Plastics Engineers. Topics to be cov- 
ered are casting resins, fillers, harden- 


ers, design considerations, molds and 
casting techniques. The program will 
consist of lectures, group discussions 
and demonstrations. Some of the dem- 
onstrations will include techniques of 
casting, dipcoating, transfer molding, 
vacuum impregnation and centrifugal 
casting. 


ISA Elects Officers for 1961-62 


Officers for the year 1961-62 were 
elected by the Instrument Society of 
America at its anual meeting in Los 
Angeles. Assuming the presidency after 
serving a year as president-elect-secre- 
tary is Philip A. Sprague of the Hays 
Corp. He succeeds Dr. Ralph H. Tripp 
of Grumman Aircraft Engineering 
Corp. Nathan Cohn was named presi- 
dent-elect-secretary and John R. Ma- 
honey and Benjamin W. Thomas were 
chosen vice-presidents-elect. Six dis- 
trict vice-presidents were also elected. 


Congress on Human Factors in 
Electronics 

Papers are wanted for the International 
Congress on Human Factors in Elec- 
tronics (sponsored by the Institute of 
Radio Engineers Professional Group on 
Human Factors in Electronics) to be 
held May 3-4, 1962, at the Lafayette 
Hotel in Long Beach, Calif. 

The meeting title is “Man-Machine 
Engineering: Methods, Models and 
Measurements.” Papers that deal with 
problems of human factors are solicited 
in the following areas: automatic con- 
trol, biological sciences, communcia- 
tions, computers, cybernetics, electrical 
engineering, information theory, math- 
ematics, medicine and psychology. Sub- 
mitted papers should present new re- 
search findings, either experimental or 
theoretical, with the experimental im- 
plications pointed out. 

Two copies of an abstract not ex- 
ceeding 300 words should be sent to 
J. W. Senders, Technical Program 
Committee Chairman, Minneapolis- 
Honeywell Regulator Co., 2600 Ridge- 
way Rd., Minneapolis 40, Minn., prior 
to January 1, 1962. Authors whose 
papers are tentatively accepted on the 
basis of the abstracts will be requested 
to submit final manuscripts 
February 15, 1962. 


before 


Call for Papers on Military 
Electronics 


The Sixth National Convention on Mili- 
tary Electronics (MIL-E-Con 1962) 
will be held at the Shoreham Hotel, 
Washington, D. C., June 25-27, 1962, 
under the sponsorship of the Profes- 
sional Group on Military Electronics 
of the IRE. 

Papers presenting original work in 
military electronics are invited for this 
meeting. Suggested topics include, but 
are not limited to, the following: cur- 
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in a Space Age Package 


RCA-7801 Cermolox Tetrode Power Tube packs higher performance into a small package 


Combining high power-sensitivity, high efficiency and very small size, the new RCA-7801 is especially 
intended for application in small, compact equipment. 
A conduction-cooled ceramic-metal beam power tube, small as an acorn, the 7801 performs excel- 
lently as an af or rf power amplifier, oscillator, modulator or voltage regulator in missiles, satellites, 
mobile communications equipment, telemetering systems—wherever space is at a premium. 
In continuous commercial service, the 7801 delivers: 

3.2 watts CW power output at 3,000 Mc 

15.0 watts CW power output at 1,200 Mc 

27.0 watts CW power output at 400 Mc 
A wide gold-plated copper cylindrical plate terminal assures high thermal and electrical conductivity. 
Heater operates at 12.6 volts/0.5 amp; a companion tube, RCA-7870, is exactly the same except 
that its heater operates at 6.3 volts/1.0 amp. 
Revolutionary Cermolox Line—and What It Means To You 
“Cermolox” designates RCA’s special line of beam power tetrodes with ceramic-metal construction and 
electrically-broached coaxial grids having perfect alignment. Advantages: High power output * High 
gain * High power sensitivity * Low driver power * Minimum screen current * Negligible grid emis- 


sion * Exceptional strength * Small in size * Compact * High-temperature operation “Cutaway of RCA-7801 showing 
For information on the 7801 or other Cermolox types for your new equipment designs, contact your unitized electrode and terminal 
RCA Field Revresentative, For technical bulletin on the 7801 write directly to Commercial Engineer- construction’’ 

ing, Section L-54-Q, RCA Electron Tube Division, Harrison, N.J 


The Most Trusted Name in Electronics 


® 
RCA Electron Tube Division Field Offices: INDUSTRIAL PRODUCT SALES...Newark 2, N. J., 744 Broad St., HU 5-3900 + Chicago 54, IIl., Suite 1154, Merchandise Mart Plaza, 
WH 4-2900 «+ Los Angeles 22, Calif., 6801 E. Washington Bivd., RA 3-836! + Burlingame, Calif., 1838 El Camino Real, OX 7-1620 »« GOVERNMENT SALES. . . Harrison, N. J., 
415 South Fifth St., HU 5-3900 + Dayton 2, Ohio, 224 N. Wilkinson St., BA 6-2366 » Washington 7, D. C., 1725 ‘'K' St., N.W., FE 7-8500 





rent problems of space technology, 
space electronics, ranging and tracking, 
electronic propulsion, data-handling 
systems, molecular electronics and sys- 
tems, guidance and control, inertial 
systems. reconnaissance systems, com- 
munication systems, operational analy- 
sis and reliability. 

The technical program will include 
both classified and unclassified sessions. 
with the Air Research and Development 
Command sponsoring the classified ses- 
sions. An unclassified and bound Pro- 
ceedings of the convention will be avail- 
able at the meeting. 

Prospective authors should furnish 
the following information by February 
1. 1962: three copies of a 750-word un- 
classified abstract of the proposed 
paper. plus the name and position of 
the author and the name and address 
of his company or organization; three 
copies of a biographical sketch of the 
author(s), including education, experi- 
ence, memberships in professional so- 
cieties, honors. and publications. Each 
author must obtain the appropriate 
military and company clearances for 
his abstract. Send the above informa- 
tion to J. J. Slattery, F316, The Martin 
Co.. Baltimore 3, Md. 


Relay Conference Papers 
Solicited 


Technical papers for the Tenth National 
Conference on Electromagnetic Relays 
are being requested from users and 
designers. Abstracts and titles of pro- 
posed papers must be submitted not 
later than January 1, 1962, while the 
complete paper should be received by 
February 15. 

The conference, jointly sponsored by 
the National Association of Relay 
Manufacturers and the School of Elec- 
trical Engineering, will be held April 
24-26 at Oklahoma State University. 
Additional information may be obtained 
from Professor Charles F. Cameron, 
School of Electrical Engineering, Ok- 
lahoma State University, Stillwater, 
Okla. 


Call-for-Papers on Cleaning 
and Materials Processing 


A Symposium on Cleaning and Ma- 
terials Processing for Electronics and 
Space Apparatus will be held during 
the Fourth Pacific Area National Meet- 
ing of the American Society for Testing 
Materials at the Statler-Hilton Hotel, 
Los Angeles, September 30—October 
5, 1962. Those interested in presenting 
papers should submit title and a 200- 
word abstract to Dr. D. E. Koontz, Bell 
Telephone Labs., Inc., Murray Hill, 
N. J., no later than January 1, 1962. 

The symposium will deal with ma- 
terials and processing problems com- 
mon to electronic devices and device 
fabrication, and the chemistry and 
physics of their operation. These sub- 
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Nov. 29-Dec. 1—Tenth Annual 
Wire and Cable Symposium (spon- 
sored by U. S. Army Signal Re- 
search and Development Labora- 
torv), Berkeley-Carteret Hotel, As- 
bury Park. N. J. 


Dec. 11-13 
Joining (sponsored by Pennsylvania 
State University), campus of Penn- 
sylvania State University, University 


Park, Pa. 


Symposium on Metal 


Dec. 12-14—Eastern Joint Com- 
puter Conference (sponsored by 
ACM. AIEE and IRE), Sheraton 
Park Hotel, Washington, D. C. 


Jan. 9-11—Eighth National Sym- 
posium on Reliability and Quality 
Control (sponsored by AIEE, ASQC, 
EIA and IRE). Statler Hilton Hotel. 
Washington, D. C. 


Jan. 28-31—-Semi-Annual Meeting 
of American Society of Heating, 
Refrigerating and Air-Conditioning 
Engineers, Inc., Chase-Park Plaza 
Hotel, St. Louis, Mo. 


Jan. 29-Feb. 2—-AIEE Winter Gen- 
eral Meeting and Electrical Engi- 
neering Exposition, Coliseum, New 


York. 


Jan. 29-Feb. 2—Measurement En- 
gineering Short Courses: lecture 
program is $200.00, experimental 
program is $125.00; campus of 
Arizona State University, Tempe, 
Ariz. 


jects fall into four broad categories: 


(1) examination of device materials: 
(2) treatment and examination of 
specific components; (3) 
facilities, such as chemical agents, pro- 
cessing liquids and ambients, including 
dust and lint control; and (4) device 
experience with ultraclean conditions. 


processing 


AIEE Members Vote for 
Exhibit of Products 


More than 70 per cent of the members 
of the American Institute of Electrical 
Engineers agreed to supplement their 
Winter General Meeting with engineer- 
ing exhibits of electrical and electronic 
products and services. This Electrical 
Engineering Exposition will be held in 
the New York Coliseum, January 29- 


FEBRUARY 


Jan. 30-Feb. 2—Eighteenth Annual 
Technical Conference of Society of 
Plastics Engineers, Penn-Sheraton 
Hotel, Pittsburgh. 


Feb. 5-9--ASTM Committee Week, 
Statler Hilton Hotel, Dallas, Texas. 


Feb. 6-8—Seventeenth Reinforced 
Plastics Division Conference (spon- 
sored by Society of the Plastics In- 
dustry, Inc.), Edgewater Beach Ho- 
tel, Chicago. 


Feb. 7-9—Third Winter Convention 
on Military Electronics (sponsored 
by IRE), Ambassador Hotel, Los 


Angeles. 


Feb. 14-16—International Solid 
State Circuits Conference (spon- 
sored by AIEE, IRE and University 
of Pennsylvania), Sheraton Hotel 
and University of Pennsylvania cam- 
pus, Philadelphia. 


Feb. 18-22—Electrical Insulation 
Conference — Materials & Applica- 
tion (sponsored by AIEE and 
NEMA), Shoreham Hotel, Wash- 


ington, D. C. 


Mar. 19-23—National Association 
of Corrosion Engineers Annual Con- 
ference and Corrosion Show, Munici- 
pal Auditorium, Kansas City, Kans. 


Mar. 26-29-—IRE International 
Convention, Coliseum and Waldorf 
Astoria Hotel, New York. 


February 2, 1962, in conjunction with 
the technical sessions of the AIEE 
Meeting. 

Products represented in the exposi- 
tion include the following: aluminum 
applications in electrical equipment. 
aluminum wire and cable. armored 
cable, automation systems, cable, cable 
splicing kits, connectors, controls, 
clutches, electric brakes, fuses, insula- 
tion, motor controls, variable autotrans- 
formers, pressure control systems, re- 
lays, resistance-measuring instruments, 
sound and communications systems, 
speed-measuring instruments, switch- 
gear, synchronous motors and testing 
instruments. 

Detailed information about the ex- 
position may be obtained from Reber- 


Friel Co., 117 So. 17 St., Philadelphia 3. 
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Resistors? 


STACKPOLE matches every requirement 


If you have a burning yearning for improved resistor 
dependability coupled with on-time deliveries, here’s 
a hot tip: 


In Performance Stackpole Coldite 70+ fixed com- 
position resistors go well beyond MIL-R-11 require- 
ments—with added dividends in load life, moisture 
resistance and humidity characteristics. For extra 
reliability, their carbon resistance elements and outer 
insulating shells are cold-molded of similar materials. 
These are formed by a new process into a solid, 
homogeneous structure that remains free from cata- 
strophic failure or erratic changes in resistance in 
severe environments. 

In Production Stackpole Coldite 70+ Resistors re- 


Electronic Components Division 


STACKPOLE CARBON COMPANY 
St. Marys, Penna. 


CERAMAG® FERRITE CORES 
CERAMIC MAGNETS - 
ELECTRICAL CONTACTS 


* VARIABLE COMPOSITION 
FIXED COMPOSITION CAPACITORS 
GRAPHITE BEARINGS, SEAL RINGS, ANODES 


RESIST 


main one of the easiest components to solder either by 
dip or iron. They’re the only resistors having leads 
that are solder dipped—not once, but twice—in addi- 
tion to the usual tin coating. That’s why leads stay 
smooth and tarnish free even after months in storage. 


In Appearance it’s hard to match their smooth, 
glossy finish and uniform, easily-read color codes. 
And this attractive appearance lasts even after scrub- 
bing with solvents. 

Stackpole Coldite 70+ Resistors are available in 
MIL-R-11 Type RC-20 (%-watt), Type RC-32 
(1-watt), and Type RC-42 (2-watts) ... in all stand- 
ard resistance values, and at ordinary resistor prices. 


> Chile 70+ 


fixed composition RESISTORS 


BR 
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New BOOKS 


for Science 
and Engineering 


Conducted by Dorothy J. Beveridge 


The Scientific Papers of J. Wil- 
lard Gibbs, Vols. 1 and 2; Elemen- 
tary Principles in Statistical 
Mechanics, J. Wiliard Gibbs; and 
Vector Analysis, edited by E. B. 
Wilson (from lectures of J. Willard 
Gibbs): Dover Publications. Inc., 
New York (1960 and 1961). These 
volumes are, respectively: 434 pages, 
$2.00; 284 pages, $2.00; 207 pages, 
$1.45: 436 pages, $2.00. 

The Scientific Papers brings together 
Gibbs’ contributions to dynamics, ma- 
thematics and optics, as well as thermo- 
dynamics. His lectures on vector anal- 
ysis are an introduction to the subject, 
and the Statistical Mechanics includes 
his own development of the topic and 
also the achievements of Clausius, Max- 
well and Boltzmann. 


Semiconductor Reliability, edited 
by J. E. Shwop and H. J. Sullivan. 
Engineering Publishers, Elizabeth, 
N. J. (1961). 309 pages. $8.50. 

The contents of this book have been 

gathered from the laboratories of semi- 

conductor producers and users. Results. 
analyses and conclusions of test pro- 
grams are given. The viewpoint is em- 
pirical rather than theoretical. Use of 
the information contained in this first 
comprehensive study of semiconductor 
reliability should enable engineers to 


Engineering 
Standards 


EIA Standards 
RS-241, EIA-NEMA Standards on Out- 


lines for Semiconductor Devices, 25¢. 
Defines the dimensional parameters of 
diode outlines DO-1 and DO-5. It is 
expected that this standard will be sup- 
plemented with additional diode and 
transistor outlines as they 
standardized. 

RS-242, Definitions for Electromag- 
netic Delay Lines, 40¢. Covers defini- 
tions for electromagnetic delay lines 
used in pulse circuits and includes def- 


become 
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specify and apply the devices with 
greater assurance of obtaining the re- 
quired level of equipment reliability. 


Linear Vacuum-Tube and Transis- 
tor Circuits, A. J. Cote. Jr., and 
5: B. Oakes, McGraw-Hill Book Co., 
Inc., New York (1961), 411 pages, 
$10.75. 

A basic approach to analysis and syn- 
thesis of these circuits is presented in 
this text, with emphasis on the dif- 
ferences and similarities between the 
two devices. Specific topics covered 
include ideal active elements, two-part 
theory, circuit properties of vacuum 
tubes and transistors. basic passive 
component configurations, amplifiers, 
feedback oscillators. two-port stability 
and power gain, and matrix analysis 
of linear circuits. 


Handbook Preferred Circuits, 
Supplement No. 4, NAVWEPS 16-1- 
519, U. S. Government Printing Of- 
fice, Washington. D. C. (1961), 48 
pages, 35¢ (paper). 

Supplement No. 4 adds four new tran- 
sistor circuits to the Handbook Pre- 
ferred Circuits and revises five of the 
vacuum-tube circuits to include data for 
the use of subminiature as well as 
miniature tubes. The new circuits are 
two video amplifiers and two emitter 
followers, while the revised circuits 
are the video detector, limiter and 
common cathode mixer and the astable 
and monostable multivibrators. 


Systems: Research and Design 
(Proceedings of the First Svstems 
Symposium at Case Institute of Tech- 
nology), edited by D. P. Eckman, 
John Wiley & Sons, Inc., New York 
(1961), 310 pages, $8.50. 

Discussions by contributors to the Sym- 

posium pertain to analysis and synthesis 

in very large complex systems, such as 


initions covering distortion, impedance, 
temperature coefficient, tilt and time. 

RS-244, Character Codes for Numer- 
ical Machine Price Tool Control Per- 
forated Tape. 50¢. Intended to serve as 
a guide in the coordination of equip 
ment design, to minimize the number of 
sizes and codes of perforated tape used. 
and to minimize the variety of per- 
forated-tape-preparation equipment re- 
quired by users of numerically con- 
trolled machine tools. 

RS-245, EIA-NEMA Standards on 
Letter Symbols and Abbreviations for 
Semiconductor Data Sheets and Speci- 
fications, 80¢. Includes 146 symbols 
and abbreviations, also criteria and 
conventions associated with each. 

RS-246, EIA-NEMA Standards for 
Environmental Method of Life Testing 
Lead Mounted Semiconductor Power 
Rectifiers, 25¢. Besides covering the 


those in industrial manufacturing. mili- 
tary systems, and those involving both 
men and machines. Basic topics covered 
are systems theory, communications, 
controls, performance criteria, optimiza- 
tion, reliability and human functions. 


Understanding Digital Comput- 
ers, P. Siegel. John Wiley & Sons, 
Inc., New York (1961), 403 pages, 
$8.50. 

Section I of this book discusses basic 

logic elements, Section II summarizes 

the circuits which can be used as com- 
puter “building blocks,” and Section 

Ill covers the functional parts of the 

computer, concluding with a detailed 

description of a specimen computer. 


Analysis of Nonlinear Control 
Systems, D. Graham and D. Mce- 
Ruer, John Wiley & Sons, Inc., New 
York (1961), 482 pages, $9.75. 

Mathematical tools are provided for 

answering questions about the stability, 

accuracy and response of nonlinear 
systems. The major part of the book 
is concerned with a general theory of 

“quasi-linear” systems (for description 

of periodic and random-input behavior ) 

and topological-phase space techniques 

(for description of transient behavior). 


Electric Machinery (Second edi- 
tion), A. E. Fitzgerald and C. Kings- 
ley, Jr.. McGraw-Hill Book Company. 
Inc.. New York (1961), 563 pages. 
$10.75. 

Electromechanical energy conversion 

is the theme of this text, with emphasis 

given to dynamic systems. The book 
deals with the principles underlying 
electromechanical energy 
the idealized machine and the dynamic 
machine 

Alternative analytical methods are illus- 

trated. 


conversion, 


equations for performance. 


test method, this standard specifies the 
minimum and maximum length between 
the mounting and the rectifier body. 

RS-206-A, Recommended Practice. 
Preparation of Basing of Terminal 
Diagrams, 60¢. A guide in formulation 
of basing and terminal diagrams for 
electron tubes. Includes use of terminal 
and base-pin symbols, numbering and 
drafting practices associated with bas- 
ing diagrams. Standard also includes a 
number of typical diagrams illustrat- 
ing these rules. 

RS-217-A, Wound Cut Cores. 70¢. 
This revision of EIA Standard RS-217 
supplements the previously standard- 
ized dimensions for 400-cps cores with 
dimensions for 60 cps cores. 

The standards are available from the 
Electronic Industries Association En- 
gineering Dept., 11 W. 42 St.. New 
York 36. 
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Editorial REPRINTS Available 


As manuscripts are projected for 
publication in each issue of Elec- 
tro-Technology, the board of editors 
determines which editorial articles 
are to be made available to readers 
in reprint form. 

Available reprints of articles in 
this and previous issues are briefed 
here. Any regular Electro-Technology 
reader qualifies for one copy of 
all single-article reprints, without 
charge. 

The numbers at the head of re- 
print listings correspond to the 
numbers on the postcards incorpo- 
rated in the Reader Inquiry Service 
Section at the end of the book. 


902—Flame Resistance of Plastics—A Key 
““Design-for-Safety” Factor, December 1961, 7 
pages. The problem of flameproofness of plastics 
for structural and electrical insulating applica- 
tions is reviewed in terms of (a) flammability 
tests for both materials specimens and finished 
components and equipment; (b) comparative 
qualitative and quantitative evaluation data for 
plastics molding compounds, laminates and sheet 
materials, and vulcanized fiber; and (c) selected 
industry standards for flammability tests. 


] 903—Aerospace Electronic Materials—Ap- 
plications / Environments/ Effects, December 1961, 
7 pages. A review of studies of materials and their 
reactions to outer-space conditions. The problems 
of materials exposed externally and internally are 
examined from the standpoints of vacuum, tem- 
perature control, ultraviolet light, Van Allen belt 
radiations, lubrication of bearing surfaces, and 
plastics volatility. An extensive bibliography of 
cited references is integrated with this review. 


(] 919—Electrical Noise Control, December 
1961, 8 pages. In high-speed, solid-state circuits 

such as those in large-scale data-handling systems) , 
both power distribution and low-level signal circuits 
must be treated with consideration in the choice of 
wire, wiring devices, fileers, etc. to reduce unwanted 
noise. Specific suggestions are given for designers of 
such systems 


} 912—Techniques of Analog Simulation, Dec- 
ember 1961, 7 pages. A review of the theory and 
practice involved in the programming of large-scale 
electronic analog computers. Basic components are 
described and their use in simulating both linear and 
non-linear systems is described with examples 


() 924 — Thermistor-Resistor Temperature- 
Sensing Networks, November 1961, 5 pages. 
Procedure for the design of networks (either 
four-pole or two-pole) consisting only of a 
thermistor and resistors for use in temperature- 
sensing applications. Positive or negative tem- 
perature coefficients may be used. Extensive 
tables give design parameters. 


() 933—Digital Matchers, November 1961, 4 
pages. The matching (or coincidence indicating) 
circuit is am important part of any digital sys- 
tem. Various ways of designing the circuits are 
discussed, with special emphasis on the use of 
transistor-resistor logic. 
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Readers should circle those numbers 
which correspond to the reprints 
desired. 

If multiple quantities of these re- 
prints are desired, the rates to 


govern are indicated below. Remit- 
tance must accompany all orders. 
Larger quantities, special quotation. 


Cost of Single-Subject Reprints 


No. of 
Reprints 4-12 


1 Gratis 
5 $2.00 
10 3.75 
25 7.50 


Number of pages 
16-32 


Gratis 
$3.75 

6.00 
12.50 


[1 928—Improving Analog-Circuit Reliability 
with Redundancy Techniques, October 1961, 
10 pages. A summary of the results obtained by 
the application of redundancy to various types of 
analog circuits and devices. Both passive and 
active (switching) redundancy are described and 
compared. Formulas are derived for ascertaining 
actual reliability improvement to be expected. 


(1) 904—Hyperbolic Functions, October 1961, 
6 pages. Hyperbolic functions and inverse hyper- 
bolic functions are defined in terms of e* and 
e~*. All algebraic and trigonometric properties and 
their associated operations are derived from the 
basic definitions. The transmission-line problem 
is broadly discussed and its solution as a network 
is found to be ultimately dependent on hyperbolic 
functions. 


(1) 926—Transient Protection for High-Fre- 
quency Transistors, September 1961, 3 pages. 
Three common types of transistor circuits (video 
and r-f amplifiers, mutually coupled amplifiers, 
etc.) are analyzed with a view to discovering 
what causes transistor failures due to switching 
transients. Proper designs to prevent undesirable 
transients are prescribed. 


(1) 914—Machine Tool Electrical Stand- 
ards (NMTBA), June 1960, 18 pages 
plus cover. First revision since March 
1956 of the Electrical Standards spon- 
sored by the National Machine Tool 
Builders’ Association. Present version pro- 
posed September 1, 1959 and adopted 
with interim revisions January 25, 1960. 
(See also JIC Electrical Standards for 
Industrial Equipment, page 157.) Sin- 
gle reprints, no charge. Multiple quantities 
may be obtained at the following prices: 
5-$3.75; 10-$6.00; 25-$12.50; 50-$20.- 
00; 100-$30.00. Send check with order 
payable to ELECTRO-TECHNOLOGY, 205 
E. 42 St., New York 17. 


(1) 935—Copper-Base Alloy Spring Materials, 
September 1961, 6 pages. The properties of cop- 
per-alloy spring materials are investigated and 
evaluated for design-engineering applications 
Materials-selection factors are studied and limiting 
design factors for the materials are given. Selection 


of standard materials is logically studied for choice 
in design, and then extrapolated to the newer 
alloys. A special two-page chart lists alloy classes 
and their properties, plus a cost evaluation of the 
materials. 


[) 925—Digital Logic Modules, September 
1961, 9 pages. The theory of operation of the 
various types of logic circuits (diode gates, tran- 
sistor-resistor logic, direct-coupled transistor logic, 
etc.) is explained and examples of the many vari- 
ous commercially available modules to perform 
these functions are given. Electrical and physical 
characteristics of modules made by eighteen differ- 
ent companies are included. 


[] 937—Semiconductor Failure Analysis Using 
Characteristic Curves, August 1961, 4 pages 
Various types of semiconductor failures ( mechanical 
stress, voltage breakdown, degradation, etc.) are 
described and their causes enumerated. Illustrations 
show how each type of failure affects the charac- 
teristic curve so that it can be recognized when 
testing components. 


[] 952—Frequency Dependence of Electric 
Strength . . . a Design Consideration Analysis, 
August 1961, 7 pages. The results of an intensive 
research program at The Johns Hopkins University 
Dielectrics Laboratory to determine the breakdown 
values of electrical insulation at frequencies up to 
100 mc. Data are summarized and analyzed on 31 
different classes of materials, including plastics 
molding compounds, resins, plastics laminates, 
ceramics, glass and mica products. 


() 941—Human Factors Engineering Standards, 
August 1961, 7 pages. The basic considerations 
underlying the development of human-factors 
standards and specifications for a given system are 
discussed. Step-by-step procedures are described as 
applied to equipment designed for the Polaris sub- 
marine, but that may be adapted for other systems 
as well. Such procedures involve system component 
search and evaluation from the human-factors 
standpoint. Selected design ‘guidelines’ and ‘‘check 
lists’ that resule from procedures and studies are 
included in this article as illustrations. 


[] 936—Relay Designers and Users Meet, July 
1961, 5 pages. A summary report on selected 
papers presented at the Ninth National Confer- 
ence on Electromagnetic Relays. Subjects covered 
by the papers reviewed are: relay-contract failure, 
special telephone-relay contacts, a contact spring 
for reduced chatter in high-speed relays, high- 
speed relay operation with minimal power, dry- 
reed relay logic device, r-f interference suppression, 
and rating and testing methods 


[J] 921—Factors Contributing to Backlash in 
Gear Trains, July 1961, 8 pages. Largely re- 
lating to fine-pitch spur-gear trains, effects con- 
sidered include changes in center distance, pres- 
sure angle, total composite error in gears; thinning, 
deflection and wear of teeth; also radial play 
in bearings, shaft twist, and differential expan- 
sion between housing and gears. 


[] 905—Key Problems in Microelectronics, 
June 1961, 6 pages. An objective examination, 
based on a field survey, of the principal obstacles 
that are still hampering full-scale production and 
wide application of microelectronic devices (dis- 
crete components, 2-D integrated circuits, solid- 
state circuits, molecular function blocks). In 
addition to the factors of economics, the dis- 
cussion takes in problems of techniques, relia- 
bility, standards and relationship between system 
and device engineering. 


[J] 916—Semiconductor Rectifier Characteris- 
tics, June 1961, 8 pages. Terms used in describ- 
ing rectifier characteristics are defined. Various 
ways of measuring and interpreting the forward 
and reverse characteristics are discussed. Includes 
design of circuits to be used in testing cells, 
including load tests. Things to look for in analyz- 
ing test results are pointed out. 


ELECTRO-TECHNOLOGY 






































































































































































































































































































































































































































© 944—Control System Representa- 
tions, December 1959, 3 pages. A chart 
showing seven basic control-system cle- 
ment classifications and their various com- 
mon representations, including transfer 
functions, equivalent computer 


analog 
circuits, Bode diagrams, Nyquist diagrams 
and time constants. This chart is now being 
included in the combined reprint of the 
recent series on ‘“‘Automatic Control System 


Design’’ (see page 157 


[] 920—Effects of Corona on Vinyl Electrical 
Tape, June 1961, 6 pages. Results of evaluation 
program show that corona resistance of vinyl 
electrical tape depends on electrical stress, mechan- 
ical elongation, humidity, type of electrode and 
specimen geometry, among other factors. Actual 
test data are given and the physical effects of 
corona on specimens are illustrated. These data 
are important owing to increasing use of vinyl 
under corona conditions and previous lack of 
meaningful evaluation. 


[) 922—Designing Electronic Transformers on 
a Digital Computer, May 1961, 7 pages. Dem- 
onstration of the iterative procedures used to 
optimize the design of a line of single-secondary 
transformers in the range of 4 to 3230 va core 
rating within limits of overall performance 
Modifications of the computer program for de- 


signing rectifier plate transformers and_ linear 
inductors are included 
(0 942—Control-System Analysis by Analog 


Simulation, May 1961, 5 pages. Principles of 
analog simulation, based on similarity of system 
equations of mechanical and electrical systems, 
are applied to analysis of linear and non-linear 
control systems. Methods of building up the 
analog circuit using basic operational amplifier 
with feedback are given 


{] 943—Simplifying Switching Circuits with 
Boolean Algebra, May 1961, 6 pages. Discusses 
gains to be obtained in reducing circuit complexity 
and number of components through practical use 
of Boolean principles and Karnaugh maps. The 
NAND circuit is used as a “universal connective” 
to implement a number of sample circuits. 


(] 953—The Design Analysis of Materials, May 
1961, 11 pages. Design analysis of materials as a 
prerequisite to specification is examined. In the 
Introduction, various underlying factors are dis- 
cussed and the basic analytical approach given; in 
Part 1, principles are applied to classes of materi- 
als in terms of inherent characteristics, effects of 
form and configuration, environmental problems 
and cost vs intrinsic performance value; in Part 
2, principles are applied to general considerations 
and to external factors, including purity of ma- 
terials, effects of fabrication, and influences of 
research and test methods. 


() 927—Superconductive Circuits for Comput- 
ing Machines, April 1961, 12 pages. Gain and 
time constants of wire-wound and film-type cryo- 
trons (operating at temperatures approaching 
absolute zero) are compared. Characteristics of 
cross-film types are given and their use illustrated 
as storage cells and as logic gates, adders and 
shift registers. Because of their minute size and 
very low power losses, wide use of cross-film 
cryotrons is foreseen is extremely compact digital- 
computer systems. 


(1) 948—How to Make Basic D-C Measure- 
ments—2, April 1961, 11 pages. Following the 
discussion of basic units and precision d-c measure- 
ments of the May 1960 article (in Electrical 
Manufacturing), the author offers details of 
standardizing methods for resistance devices: 
various forms of bridges, shunts and volt boxes 
Circuits and illustrations fully support the text. 


(1) 945—Network Synthesis—Some Notes on 
the Synthesis of RLC Transfer Functions and 
Constant-Resistance All-Pass Lattice Networks, 
February 1961, 2 pages. The basic principles of 
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network synthesis, as presented in the January 
1961 issue Science & Engineering article, are 
applied to the synthesis of RLC transfer functions 
and constant-resistance all-pass lattice networks 


[] 946—Reliability through Redundancy and 
Error-Correcting Codes, February 1961, 8 pages. 


The problem of reliability assumes serious pro- | 


portions whenever numerous hardware components 
and transmissions of large amounts of data of 
an informational and control nature are involved. 
Beyond the very definite limits of improving of 
components, the problem must be attacked by use 
of redundant components and circuits. Principles 
of redundancy in equipment and coding in data 
transmission are discussed and examples given. 


(J) 915—Advances in Magnetism and Mag- 
metic Materials, February 1961, 9 pages. A 
report on current advances in magnetic materials 
and their impact on design engineering, from 
the Sixth Annual Conference on Magnetism and 
Magnetic Materials co-sponsored by AIEE and 
AIP. Selected papers relating to the design en- 
gineering function are reviewed and interpreted 
theoretical aspects, thin metallic films, oxides, 
high coercive force materials, metals and alioys, 
soft magnetic materials. Text supported by charts 
and graphs. 


(0 913—Editorial Index to Electro-Technology 
(formerly Electrical Manufacturing) for 1960, 
24 pages. This yearly subject-classified index is 
completely annotated, includes author index, plus 
separate indices for Editorial page. Design Trends, 
and Research Notes departments. Also reproduces 
the ELECTRO-TECHNOLOGY Subject Classification 
and Alphabetical Subject Cross Index which form 
the basis of the index system. 


[] 909—Variability in Functional Aging of 
Mylar Polyester Film for Hermetic Motor 
Application, November 1960, 5 pages. Tests 
show that commercial grades of Mylar polyester 
film age satisfactorily as slot insulation in hermetic 
motor systems. Classical tests such as density, vis- 
cosity, extractables and shrinkage are described, 
as well as a set of functional aging test procedures 
under simulated conditions 


[] 940—Applications of Electrical Insulation 
by the Fluidized-Bed Process, October 1960, 
5 pages. Advantages and limitations of the new 
fluidized-bed process for applying electrical in- 
sulation to components and equipments. The 
process is explored with respect to design engi- 
neering and economics. Practical applications in 
new designs are developed. 


[] 930—Analytical Methods for Permanent- 
Magnet Design, Parts 1 and 2, September and 
October 1960, 19 pages. Physics of permanent- 
magnet behavior and design methods for open- 
circuit, permanent-magnet structures, followed by 
the more complex considerations involved in 
small air-gap magnet designs. The use of electrical 
network analogy methods is explored; examples 
support all the design method discussions. 


[] 911—Flat-Conductor Flexible Cables and 
Connectors for Flat-Conductor Flexible Cables, 
August and September 1960, 12 pages. Part I 
includes cabling techniques and performance of 
flat-conductor flexible cables. Data are give on 
load-carrying capabilities, crosstalk, r-f attenuation, 
and on shielding techniques. Part II discusses 
application techniques and describes preferred 
methods for cable termination and connection. 


(]) 951—Radiation Effects on Electrical In- 
sulation, September 1960, 7 pages. Basic para- 
meters of design in relation to the nuclear 
environment are investigated and illustrated in 
respect to the selected materials involved. Elec- 
trical properties of insulating materials and changes 


in these properties due to nuclear radiation 
energies are examined. 
[) 908—Tightening and Testing Torque 


Values for Small Machime Screws, August 1960, 
4 pages. Practical, usable tables giving safe torque 
values for tightening and testing various sizes of 
steel screws in several different 
laminated phenolic. 
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@ Wide Range of Fixed Resistors 





@ Flat and Stack Mounting Power Resistors 
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@ Axial-lead Types from 2 to 10 Watts 
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© Adjustable Resistors from 10 to 200 Watts 


H-H “Gray Line” precision 
made resistors are available in 
a wide range of types... incor- 
porate design and construction 
features that assure dependable 
performance in critical applica- 
tions. Non-crazing and high 
temperature enamel, stronger 
core, welded wire connections, 
higher shock resistance and im- 
munity to salt spray and hu- 
midity insure high reliability. 
“Gray Line” fixed, fer- 

rule, axial and adjust- cana 
able resistors comply SWEET 


with MIL-R-26 specifi- . 
cations. 


HARDWICK 
HINDLE:-INC 


40 Hermon St., Newark 5, N. J. 
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Science & Engineering Reprints 


Reprints of special Science and Engi- 
neering articles or of compendiums into 
which are combined several separate 
articles on the same or related subjects 
are available at the nominal prices indi- 
cated in each listing. For ordering con- 
venience, use the handy Order Form 
on facing page. Orders must be ac- 
companied by remittance (either in 
cash or check). Please add 3% City 
Sales Tax on orders for New York City 
delivery. Make checks payable to Elec- 
tro-Technology. 

Since handling expenses are a signifi- 
cant cost element in the distribution of 
the reprints, grouping of orders makes 
possible substantial savings in cost per 
copy. For single shipments to one ad- 
dress, the following prices (which in- 
ciude shipping charges) per copy ap- 
ply. (Such orders may be for multiple 
copies of one reprint, or an ‘“‘assort- 
ment” of reprints.) Prices for larger 
quantities are available on request. 


Reprint Title 5 25 


All regular $1.00 reprints $.90 $.75 
Electrical Insulation—1960 1.80 1.60 
Automatic Control Systems 2.00 1.75 
Boolean Algebra 1.c0 1.60 
Semiconductor Electronics 1.80 1.60 
The Forum 1.80 1.60 
Heat-Transfer Compendium 2.00 1.75 
JIC Standards 3S -50 


One-Year S & E Subscription 
Now Available 


(0 For readers desiring to receive a reprint 
copy of each monthly Science & Engineer- 
ing feature as it appears, an annual sub- 
scription is now available. Subscription fee 
for one year (covering 12 monthly S & E 
articles) is $6.00. Annual subscription 
will be processed to start with the current 
month's feature. (Special compendiums 
which are not a part of the S & E series 
are not included in this offer.) $6.00 


(2 Transient Heat Flow, December 1961, 20 
pages. In real heat-flow and temperature-distri- 
bution problems, thermal disturbances and similar 
variable effects create unsteady or ‘‘transient’’ con 
ditions. With time-dependency introduced, the 
basic Fourier equations are not practical for use 
in analysis. In this article, graphical, numerical 
and analogical methods of stepwise evaluation of 
heat flow and temperature distribution are pre- 
sented, with illustrative problems. Numerous 
heat-flow problem structures and their electrical 
analogs are included $1.00 


(J Analytic Functions of a Complex Variable, 
November 1961, 22 pages. Review of complex 
numbers; operations and algebraic laws, mapping. 
absolute value and phase, the algebra and trigo- 
nometry of complex numbers, and the roots of 
complex numbers. Functions of a complex variable; 
definition of terms for the study of functions, 
limits, continuity, differentiation; the Cauchy- 
Riemann conditions, and polar coordinates 
Analyticity, the harmonic functions, the Laplace 
equation, line integrals in simply and multiply 
connected regions, Green's theorem, the Cauchy- 
Goursat integral theorem and Cauchy's integral 
formula. Infinite series of complex numbers, the 
Laurent series, the theory of residues and the La- 
place transform integral solution for poles and 
residues. $1.00 
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(] Heat-Flow Theory and Extended Sur- 
faces for Heat Transfer, 74 pages. An 
authoritative and thorough guide to heat- 
flow analysis, consisting of the five-part 
series of articles, “Extended Surfaces for 
Heat Transfer,” February through July 
1961; the article “Bessel and Gamma 
Functions,” January 1961; and the S 
& E series article, “Heat Flow Theory,” 
April 1959. Analytical design methods 
for heat-transfer surfaces in the form 
of fins and spines are covered in 
basic principles and in detail. Far more 
powerful than conventional handbook 
methods, the analysis makes possible opti- 
mal selection of shape and dimensions of 
surfaces. The article on Bessel and gamma 
functions includes tables important to 
heat-flow analysis; the supporting theoreti- 
cal principles are completely developed in 
the basic article on heat flow. $3.00 


(0 Cryogenics: I — Environment/Phenomena/ 
Applications; II — Selection Data for Structural 
Materials, September and November 1961, 22 
pages. A comprehensive examination of the sub- 
ject providing (in Part 1) a state-of-the-art re- 
view of the science and technology of cryogenics, 
particularly from the standpoint of its impact on 
the design of electrical/electronic devices. equip- 
ment and systems. Effects of cryogenic environ- 
ment and induced phenomena in the behavior of 
materials are discussed. Examples of cryogenic de- 
sign are described. In Part II, the results of a 
comprehensive evaluation study of metallic and 
nonmetallic materials under cryogenic conditions 
are given. Evaluation data are tabulated and their 
significance analyzed. Materials discussed include 
stainless steel, aluminum, titanium and _ cobalt- 
nickel alloys, plastics laminates, thermal insula- 
tions and adhesives. $1.00 


() Electrical Breakdown in Solids and Liquids, 
October 1961, 20 pages. The basic concepts of 
electrical breakdown are examined in relation to 
solid and liquid substances, continuing the pre- 
vious discussion of such phenomena in gases (see 
note below). Breakdown in polar and non-polar 
solids, also in amorphous and partially crystalline 
substances, is discussed. Electronic theories of 
breakdown are examined, also the nature of ther- 
mal breakdown mechanisms, breakdown initiated 
by gaseous discharge, and certain interim processes 
that lead to failure. Various experimental results 
related to liquids are reviewed. Effects of time, 
temperature and pressure (also of electrode mater- 
ials and configurations) are discussed. Graphs and 
an extensive bibliography are provided. A sum- 
mary chart compares the nature of electrical 
breakdown in the three states of matter. $1.00. 
Note: This reprint, if ordered together with a 
reprint of the first article, “The Fundamental 
Nature of Electrical Breakdown,” February 1961 
issue, may be obtained at the special combination 
price of $1.50. 


(© Electromechanical Energy Conversion, Sep- 
tember 1961, 26 pages. The dynamic nature of 
electromechanical devices, including motors and 


© Casting Resins and Application Tech- 
niques for Embedment, Encapsulation, 
and Impregnation, 44 pages. A compen- 
dium of seven articles on the above sub- 
ject published in these pages during the 
period 1958-61. Articles deal with vari- 
ous aspects of the subject, and are particu 
larly concerned with problem areas such 
as insulation systems compatibility and 
thermal conductivity. A bibliography of 
articles on the overall subject of electrical 
insulation and dielectrics published in 
1959 and 1960 is included. $1.00 


generators, makes static equivalent-circuit repre 
sentation for such devices inadequate for perform- 
ance and system analysis, especially in the all- 
important transient conditions. In this article, use 
of force-energy relations for deriving significant 
and flexible relations berween electrical and me- 
chanical elements is described in detail. Methods 
of developing dynamic circuit equivalents for 
electromechanical components are induced from 
basic physical laws, and their use demonstrated 

$1.00 


(1 Electrochemical Energy Sources (June & July 


1961) and Unconventional Power Sources 
(August & September 1961), 32 pages. Contains: 
(1) a study of the characteristics and systems design 
of several types of galvanic power sources for missile 
and space-vehicle uses—silver oxide/zinc and 
nickel/cadmium batteries; (2) reviews of the 
various types of power sources being developed or 
considered to supply more power under unusual 
circumstances—fuel cells, thermoelectric and ther- 
mionic converters, solar cells, magnetohydrody- 
namic converters, photoemissive generators, ferro- 
electric converters. $1.00 


() Tensor Analysis, August 1961, 18 pages. The 
methods of tensor analysis are developed, with 
emphasis on those aspects useful in engineering 
The role of the tensor as a generalized mathematical 
statement, of which scalar and vector quantities are 
specific cases, is clarified, and various important 
transformation techniques illustrated $1.00 


(C0 Semiconductor Electronics, 44 pages 
plus cover. A complete reference work 
for the engineer interested in the theory 
of operation of semiconductor diodes and 
transistors and in the design of circuits 
involving such devices. Beginning with a 
discussion of solid-state physics, this series 
of six articles proceeds to a detailed de- 
scription of junction diodes and trans- 
istors, their construction, and their work- 
ing characteristics. Procedures for the 
analysis of transistor networks and the 
design of amplifier and switching circuits 
are given. $2.00 


(0 Wear of Materials—Impact on Design Fail- 
ure, July 1961, 8 pages. A study of the basic 
mechanisms and resistance to wear of materials 
used in engineering design. Types of wear, theory 
and factors affecting wear are investigated. Based 
on the vehavior of metals under various environ- 
ments aid service conditions, valid conclusions are 
drawn trom current research and development for 
the prediction of wear rates and wear resistance 
Methods for the minimization of wear are also 
presented. $1.00 


(0 Vector Analysis, June 1961, 20 pages. The 
powerful methods of vector analysis are fully de 
veloped on the basis of mathematically exact 
conceptions of vector and scalar functions and 
fields. The true nature and significance of various 
coordinate systems and the usefulness of trans- 
formations, the application of matrix and efficient 
notation systems are demonstrated. Physical ex- 
amples illustrate the methods. Primary vector 
laws such as those of Gauss and Stokes are pro- 
jected for more profound views of Kirchoff's 
laws and Maxwell's equations. $1.00 


(0 Engineering Psychology and Human Factors 
in Design, May 1961, 24 pages. Engineering 
psychology is treated as a primary experimental 
research arm of human-factors engineering. The 
relation of man-machine-environment interactions 
to equipment and systems design for optimum 
performance is examined in the following funda- 
mental areas: The Systems Approach, Method- 
ology in Engineering Psychology, Information Sens- 
ing and Processing, Factors in Decision Making, 
Man and the Control Process, Human Vigilance, 
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Human Skills as Systems Considerations, Environ- 


mental Stress, and Human Interactions. $1.00 
) Quantum Electronics, April 1961, 12 pages 
An introduction to the theory of quantum mech- 
anics written for the elecrical engineer concerned 
with its applicaton to solid-state devices such as 
semiconductors. Includes Planck's radiation theory, 
the concept of the Bohr atom and de Bro- 
glie’s hypothesis of the wave-particle duality of the 
electron. The wave equation is related to the 
Schrodinger equation. Among other aspects con- 
sidered are: observables and operators, eigen 
functions and values, the indeterminacy princi- 


sign implications are drawn from theoretical dis 
cussion; physical illustrations and analogies are 
used, in addition to mathematical derivations 
Basic concepts discussed are drawn from phenom- 
ena ot breakdown in gases—applicable to expian. 
tion of breakdown in liquids and in solids. $1.00 
Note: This reprint, if ordered together with a 
reprint of the second article, “Electrical Break- 
down in Solids and Liquids,’’ October 1961 issue, 
may be obtained at the special combination price 
of $1.50. 


) Introduction to Network Synthesis, January 


ple. 


$1.00 


1961, 20 pages. Basic characteristics of network 


2 Ring Binder tor, Science & Engineer- 
ing Reprints. Readers who want to keep 
their reprint copies of the monthly Science 
& Engineering feamre both safe and 
handy will want this maroon-colored 
binder made of flexible, Morocco-grained 
leatherette stamped in gold. The standard 
1%-in. rings will accommodate about 
twenty S & E reprints $2.50 


the effects of noise on system behavior. Examples 


synthesis are presented and synthesis for optimum 
results and exact solutions is demonstrated. Fre- 
quency-domain synthesis of passive lumped-constant 
networks is stressed. Includes synthesis of simple 
driving-point functions by recognition, realiza- 
bility conditions of network functions, approxi 
mation of a given curve by an appropriate rational 
function, related problems $1.00 I Number—The Language of Engineering, 
October 1960, 16 pages. The theory of numbers 
Processes, correlation theory, spectral analyses, [] Electrical Insulation Deterioration, Decem- is concerned sp the oe 6 
the Gaussian process, construction of tests, games ber 1960, 8 pages. Nature of thermally accelera- beer oy oe ae of the sawtooth 
theory. $1.00 ted deterioration of electrical insulation (and problems, such as i — f di a 
other organic materials, such as plastics) dis- function to synthesize a as one aaa 
cussed from viewpoint of practical design en- waveforms, the representation of an integ $1.00 
gineering parameters. Among other aspects, re- sum of squares, et , 
lationship between’ deterioration process and 
equipment and systems reliability is analyzed. 
$1.00 


given of techniques for evaluating system per- 
formance in terms of noise sensitivity and reduc- 
tion. Emphasis on concept of noise as a random 
process, as distinguished from systematic or peri- 
odic interference $1.00 


©) Probability, Statistics and the Theory of 
Games, March 1961, 24 pages. Basic patterns 
laws and mathematical models revolvine around 
the theory of probability fundamental to any 
field of application: permutations and combina- 
tions, probability of events occurring in a sample 
space, distributions, random variables, the Law of 
Large Numbers, averaging, estimation, random 


() Fundamental Nature of Electrical Break- 
down, February 1961, 20 pages. The phenome- 
non of electrical breakdown is examined in its 
various aspects, beginning with classical theories 
of mechanisms of breakdown and concluding with 
consideration of the influence on breakdown of 
the nature of the dielectric (primarily electron 
behavior and molecular structure). Practical de- 


[ The Nature and: Contro! of Corrosion, 
September 1960, 12 pages. A basic study of the 


(] Electrical Noise, November 1960, 20 pages 
N 


Major types and origins of electrical noise, and (Continued on page 157) 
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DOU BLE the Poles in thegame Space 


NEW ©) Square D 2-pole Limit Switch 
CUTS COSTS— 


IS THE MOST COMPACT 


e One device can do the job of two 
—eliminate second limit switch or relay 


e Control 4 circuits with 2-pole 
double-throw switch 


e Cuts installation time 
e Most compact of any 2-pole switch 
e Saves mounting space 


e Mounts interchangeably with other 
9007 AW limit switches 
e Simplifies circuitry—and simplified circuitry 
9007 AW Limit Switch means greater dependability 


with 2-pole 
snap switch 


The real test of a limit switch is how it performs on the job— 

and the most common cause of trouble is the entrance of oil 

or coolant. Square D limit switches have three-way protec- 

tion that makes them the most oil-tight switches ever built. 
An effective shaft seal (1) and cover gasket (2) exclude all 

oils and coolants. However, even the best seals and cover 

gaskets cannot prevent entrance of conden- 

sation and leakage into the switch through 

the conduit system. Square D has solved this 

problem with a new and inexpensive option- 

al conduit seal (3) which fits the conduit en- 

trance of AW andT limit switches, and com- 


pletely excludes all liquids. 3 Conduit seal 


Get the Complete Story! Write Square D Company, Dept. SA, 
4041 North Richards Street, Milwaukee 12, Wisconsin 


SQUARE J) COMPANY 


wherever electricity is distributed and controlled 
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causes, mechanics and chemistry of corrosion 
Methods of prevention are outlined. Design 
considerations and types of materials and treat- 
ments are interpolated for control of specific types 
of corrosion met in engineering design. $1.00 


(] Microwaves—Principles and Devices, Au- 
gust 1960, 24 pages. Basic laws and equations 
of electric and magnetic fields. Propagation of 
microwaves in various media, including two- 
conductor, round and square waveguides. Princi- 
ples are applied to the design and use of the 
slotted line, the dummy load, rotary joints, and 
preselectors. $1.00 


(0 Basic Differential Equations, July 1960, 20 
pages. First-order differential equations (method 
of separation of variables, the integrating factor. 
homogeneity), higher-order differential equations 
(the differential operator, non-homogeneous equa- 
tion, Picard’s method, solution of equations with 
variable coefficients by power series). Application 
to basic mass-spring-damper system throughout. 
with examples. $1.00 


© Electrical Analogs for Mechanical Systems, 
June 1960, 20 pages. System parameters of 
dynamic states of mechanical systems are trans- 
lated into electrical network equivalents. Reas- 
oning behind the analog approach and the various 
analog forms. Included are discussions of the 
principle of duality of analog. reasons for choos- 
ing a circuit or its dual for a particular analysis, 
and the use of distributed-parameter networks 
(long lines) to simulate certain mechanical ele- 
ments. $1.00 


(1 Introduction to Molecular Engineering. May 
1960, 20 pages. An examination of the concept, 
principles and techniques of molecular engineer- 
ing in terms of its ultimate use in design of 
equipment and systems. Part I defines molecular 
engineering as the application of molecular be- 
havior to the design of materials and devices of 
prescribed characteristics. Part II examines the 
elements of the classical macroscopic approach 
to the behavior of materials as well as the micro- 
scopic or molecular approach Part III provides 
extended examples of molecular engineering in 
the areas of electrical insulation, microwave 
amplifiers, thin-film devices and microminiature 
electronics function blocks. $1.00 


(1 Logic—and Switching Circuits, April 1960, 
36 pages. The fundamental principles of logical 
reasoning, contained in Aristotle’s syllogism, de- 


(1 Electrical Insulation—1960, December 1960, 
52 pages. special Research and Application Re- 
port. Contains three major articles: Dynamic 
Mechanical Properties of Plastics Dielectric Ma- 
terials, Advances in Flexible and Semi-Rigid 
Electrical Insulating Materials, and Research Proe- 
ress in Dielectrics—1960. Plus: other articles 
on ultrathin films, capacitor dielectrics, European 
application practice, international standards. in 
sulation application problems and trends. Offered 
in combination with regular December 1960 
Science & Engineering article, Electrical Insula- 
tion Deterioration. $2.00 


(J The Forum: Computing Machines in Con- 
trol Systems, 44 pages. A compendium of the 
following articles: “Computing Machines in 
Control Systems—Blocks to Communication and 
Basic Principles’ (December 1960); ‘Analysis 
of Numerical Control Systems,” a functional 
description of 36 representative numerical control 
systems displayed at the Chicago Machine Tool 
Exposition—1960 (November 1960): ‘Machine 
Tool Control—Principles of Data Processing in 
Numerical Control of Machine Tools,” plus a 
panel discussion of the subject bv experts from 
the various disciplines involved in the synthesis 
and use of machine-tool control s\stems ( March 
1961). Includes also a comprehensive one-page 
Bibliography. $2.00 
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veloped into the Boolean algebra and the logis- 
tics of the Principia Mathematica, and applied in 
circuit design and computer programming, are 
developed. The basic postulates are tabulated in 
their verbal, algebraic, diagrammatic, and circuit- 
scnematic form. The article deals with methods 
applied to solve the problems of circuit synthesis 
and the fundamental ideas which can be applied 
to design of the most complex circuit $1.00 


] Infrared—Fundamentals and Techniques, 
March 1960, 28 pages plus vover. Basic principles 
of radiation and detection (including Wien's 
Law, Rayleigh-Jeans Law) are explained. Effect 
of infrared on metals, ionic crystals. and semi 
conductors. Various types of sources. windows 
prisms, detectors, and spectrographs are discussed 
qualitatively. Also includes theory of use of infra 
red in practical applications. $1.00 


[] Thermoe'ectric Effects, February 1960, 16 
pages plus cover. Basic theories as developed by 
Seebeck, Peltier and Thompson (Kelvin) are 
brought up to date in the lieht of new semi- 
conductor thermopile compounds Thermo- 
electricity is discussed from free-electron and ther- 
modvynamic points of view. Four basic applica- 
tions of thermoelectric phenomena are considered: 
power generation, heating, cooling and tempera- 
ture sensing $1.00 


( Network Analysis, January 1960, 28 pages 
plus cover. A discussion of present-day practices in 
network engineering and their theoretical back- 
ground. Network theory as a coherent and unified 
study is stressed, as contrasted with the less power- 
ful and less useful traditional approach to cir- 
cuits which involve isolated and unrelated 
“methods” of analysis. $1.00 


(0 Determinants and Matrices. December 1959, 
20 pages plus cover. The principles treated apply 
to all problems involving numerous mathematical 
staternents. Included are specific rules for the 
use of determinants for solving systems of simul 
taneous equations, including refinements of the 
basic procedures to apply to higher-order systems. 
and the underlying principles of matrix algebra. 
Examples demonstrate the time- and error-saving 
advantages of these two forms of mathematical 
shorthand. $1.00 


[J Sampled-Data Systems, November 1959, 20 
pages plus cover. An introduction to the analysis 
of closed-loop control systems in which the 
input or error signal is periodically sampled 
(rather than continuously connected) as by a 
sampling switch. Presents impulse-response, fre- 
quency-response, p-transform and_ z-transform 
methods. Shows how to plot Nyquist. Bode and 
root locus diagrams with z transforms. Use of 
the normalized sT plane for analyzing sampline 
adequacy, ‘“‘pseudo-sampling” for determining 
betrween-sample response and the use of the z 
transform for table-generating function. $1.00 


COMPENDIUMS 


({) Digital Computing Machines. October 1960, 
24 pages. The fundamental functional components 
of digital computing machines. Glossary of term- 
inology. Tabulation of special world-wide survev 
of digital computing machines presents essential 
characteristics of digital computing machines in 
production and in advanced stages of development. 
Principles of operation and application for design 
engineers. $1.00 


(] Transformer Materials for Extreme Environ- 
ments, March, April, May and June 1960, 28 
pages. A series of four articles interpreting re- 
search and development on small! transformers 
designed to operate under extreme environments 
of 500 C temperature and nuclear radiaton. Work 
carried out under Air Force and Bureau of Ships 
contracts presents data on: electrical insulation 
materials, magnet wire (both wire and _ insula- 
tion), magnetic core materials, and transformer 
structural materials. $1.00 


() Automatic Control System Design, 64 pages 
plus cover. A_ practical textbook on _ the 
design of servomechanisms. In the process of 
describing design by transfer function. system 
equation, and root-locus methods. techniques of 
analysis such as Bode diagrams, Routh’s criterion, 
and Nyquist plots are also presented. Includes 
background material on complex variables and 
Laplace transforms, bibliography for further study. 


(1 Low-Noise, Solid-State Microwave Ampli- 
fiers, October 1959, 16 pages plus cover. Basic 
quantum mechanical principles underlying the 
operation of paramagnetic MASER amplifiers (in- 
cluding ammonia gas, two-level solid state, three- 
level solid state and optically pumped devices) 
and parametric MAVAR amplifiers (both semi- 
conductor and ferromagnetic types) plus a brief 
introduction to the tunnel-diode amplifier. $1.00 


[] Digital Methods in Measurement and Con- 
trol, September 1959, 20 pages plus cover 
Covers: (1) characteristics and advantages of 
the digital approach; (2) basic principles of 
coding, sampling and quantizine: (3) digital 
components and techniques for logic and infor- 
mation storage; (4) digital measurement devices: 
(5) digital control actuators. $1.00 


[] The Fundamental Properties of Plastics, 
August 1959, 16 pages plus cover. The funda- 
mental science of polymeric materials is related 
to design engineering properties of plastics. Dis- 
cussion covers: the molecular format‘on of poly- 
mers; the chemistry of addition and condensation 
polymers; the theoretical basis for mechanical. 
electrical, chemical properties of polymers. $1.00 


[] The Electric Field (an Electrical Applied 
Physics Monograph), July 1959, 12 pages plus 
cover. Contents include discussions of the follow- 
ing: Electrostatics; Electric Fields in Free Space: 
Electric Induction; Capacitance; Mechanical Con- 
siderations; Field Effects in Devices $1.00 


[) Key to Metals in Design Engineering, May 
1959, 24 pages. Basic principles of metallurgy 
and structural characteristics of metals are related 
to design concepts. The effects of environment 
and mechanisms of damage are illustrated. Iron 
and steel, aluminum, precious and rare metals, 
copper, nickel and magnesium are presented in 
their basic design relationships to fundamental 
properties. $1.00 


(1 Heat Flow Theory, April 1959, 20 pages. 
Basic equations for conduction, convection and 
radiation are derived. Dimensional analysis used 
to establish the parameters and the various “num- 
bers’’ (Reynolds. Prandtl, Nusselt, Graetz, etc.) 
involved in convection expressions. Examples 
chosen from electrical and electronic (transistor) 
applications. $1.00 


C) Fundamentals of Ferromagnetism, March 
1959, 32 pages. A new approach to the study 
of magnetism, derived from modern solid-state 
physics. Includes: Origins of Ferromagnetism; 
Internal Structure of Ferromagnetic Materials; 
Magnetization Curves; Time Effects in Soft Mag- 
netic Materials; Effects of Atomic Ordering in 
Alloys: Interactions for Heterogeneous Systems. 

$1.00 


Originally published in these pages as a series 
of six articles. $3.00 


([] Engineering Applications of Boolean Aige- 
bra, 68 pages. A design guide to the analysis and 
synthesi§ of switching circuits and logic systems— 
both combinational and sequential—in any me- 
dium: mechanical, electrical, hvdraulic, electronic 
or solid state. Includes five previously published 
articles plus an added appendix. $2.00 


[) Slide Rule Mathematics, 20 pages, plus 4 
practice slide rules printed separately. Logical 
development of the slide rule’s fundamentals and 
complete concise instructions for its use. Major 
topics include: The Basic Slide Rule; Variations 
on Basic C-D Operation: Trigonometry; The Log- 
Log Scales; Vector Diagrams; Hyperbolic Func- 
tions; Phasor Calculations; The Circular Slide 
Rule. $1.00 


(J JIC Electrical Standards for Industrial Equip- 
ment, June 1957, 24 pages. Revised specifications 
for application of electrical apparatus to machine 
tool and other industrial equipment, as adopted by 
the Joint Industry Conference held in Detroit, 
March 1957. Single copies. $1.00. Multiple 
quantities may be obtained at che following prices: 
5—$3.75; 10O—$6.00; 25—$12.50; 50—$20.00; 
100—$30.00. Send check with order payable to 
ELECTRO-TECHNOLOGY, 205 E. 42 St., N.Y. 17. 
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o> accurate 


how: Miniature DC 
— 


Potentiometer! 


Model PC * 


Precision DC measuring po- 
tentiometer with self-con- 
tained galvanometer and bat- 
tery operated standardiza- 
tion circuit. Direct “in line” 
readout. Additional voltage 
and current ranges can be 
obtained by using it in com- 
bination with the Model PC- 
S, a switch controlled, .05% 
accurate “plug in” unit of 
the same size. 


Additional Specifications 


ACCURACY: + .05% of read- 
ing or + .5 mv., which- 
ever is greater. 

RANGES: 0—5.100 v; when 
used with PC-S, 0O—500 
v. and O—1 amp. 


RESOLUTION: Continuous. 1 
mv. divisions on slide 
wire. 

SENSITIVITY: Infinite resist- 
ance at null. When used 
with PC-S, 2,000 0/v. 

SIZE: 9” x 4144” x 134”. 

WEIGHT: 3 Ibs. 

PRICE: Model PC, $450.00; 
Model PC-S, $175.00. 


*Copyright U.S.A, 
Patent Applied for 
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Letters to the Editor 


SS GS See es SS 


Reliability Endangered by Price 
Cutting — Rebuttal 
For the past several years. I have 
read your magazine with interest and 
consider it one of the most readable 
technical magazines. You are perform- 
ing a valuable service by not only aid- 
ing engineers to keep abreast of current 
developments within their field, but also 
in helping them to be better prepared 
to carry out their jobs through your ex- 
cellent Science & Engineering Series. 
Unfortunately, I guess there comes a 
time when even the best slips. In par- 
ticular, when I noted the title of your 
October lead editorial, “Reliability En- 
dangered by Price Cutting,” I antici- 
pated finding strong support for the 
battle we reliability engineers are fight- 
ing. To my regret, I see the facts are 
distorted with errors, although there 
are two or three strong points in your 
editorial. 


a. I strongly support the contention in 
your first paragraph that reliability objec- 
tives often cannot be met because of highly 
competitive bidding practices and, further, 
that the current QPL is grossly inadequate 
as a guide to the procurement of reliable 
parts. 

b. The second paragraph reads reason- 
ably well, except for the error in date; 
the report, “Parts Specification Manage- 
ment for Reliability,” was issued in May 
1960, not in 1958. 

c. Who has shown semiconductor fail- 
ure rates can be kept “below 1 unit in 
500,000 per 1000 hours” (or in the usual 
parlance of the reliability man, below 
0.0002% per 1000 hours)? Perhaps you 
are referring to the efforts of one of the 
Minuteman parts suppliers. According to 
Electronic News, August 14, 1961, one 
leading supplier to the Minuteman pro- 
gram is quoted as measuring a failure 
rate of 0.0009% per 1000 hours; but 
there is no indication that that supplier 
has met the number you give. I would 
urge strong caution in the use of such 
failure-rate numbers out of context, Your 
attention is invited to the attached reprint 
of a recent Raytheon advertisement 
entitled, “When is 2% _ better than 
0.001%?” As implied by this advertise- 
ment, which is truly a statement of factual 
technical considerations, many of the ultra- 
low failure rates now being quoted are 
unproven, based on assumptions and lim- 
ited information, and possibly unobtainable 
except in very special circumstances. As 
a result of these considerations, great care 
should be used when quoting these num- 
of context. Further factual in- 
formation on the problem of semiconductor 
reliability can be obtained from Quality 
and Reliability Bulletins Nos. 221-225, is- 
sued by our Semiconductor Division. 

d. The use of standardization procedures 
can lead to initial cost reductions; how- 
ever, the adoption of standard circuits 


bers out 


does not necessarily imply that one will 
achieve “high levels of predictable reli- 
ability.” Three basic factors contribute to 
product reliability: selection of parts o1 
material, engineering design, and fabrica- 
tion. The adoption of standard circuits 
minimizes sources of unreliability result- 
ing from employment of new designs: how- 
ever, this gain can be entirely offset unless 
great care is used to ensure that the parts 
and materials used are of consistently high 
reliability and the fabrication is 
out under strict control. 

e. One final thought. True, if the system 
designer cannot use standard circuits and 
standard components, he must face the 
problem of ordering special parts meeting 
specific failure-rate requirements. The 
system designer, in so doing—particularly 
if backed up by good reliability specialists 
—recognizes that the specification of 
special parts will result in higher costs. 
If he is doing a fair job, he will develop 
a justification for these costs, and on the 
basis of that justification he will be will- 
ing to accept the cost. But that is not 
enough. The final responsibility rests 
with the customer who initially established 
the reliability requirement, if he is un- 
willing to pay the price necessary to meet 
those requirements. 


carried 


Incidentally, I did read beyond the 
editorial page. The article by A. A. 
Sorensen, “Improving Analog-Circuit 
Reliability with Redundancy Tech- 
nigues,” as well as the earlier article 
by the same author in the July issue, 
is a useful contribution to the litera- 
ture. I look forward to more articles 
of that nature. 

H. ELMORE BLANTON, 
Reliability Engineering 
RAYTHEON COMPANY 
Lexington, Mass. 


Vanager 


“Wound Cores Transformer” 
Article Correction 


The author of the June article “Wound 
Cores Improve Transformer Perform- 
ance” has pointed out that in Table II, 
page 70, the E-core transformer weight 
in the last should be 1 Ib, 
1114 02. 
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Postcard return cards are provided at 
end of book as a convenience to the 
reader in obtaining further information 
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This bus costs 2 as much 
as its copper equivalent 


Installed in your product, Alcoa 
aluminum bus like this will do the 
same job as copper with no sacrifice 
in quality. 

But you'll pay only one-half as 
much, 

That means a simple change in 
“‘specs”—from copper to aluminum 

san save you up to fifty cents on 
every dollar you now spend for bus. 

Remember, too, that aluminum 


bus can be silver-plated in your 
plant. Complete information on the 
process is available through Rome 
Cable Division of Alcoa. Aluminum 
bus, silver-plated by Alcoa prior to 
shipment, is available (at extra cost) 
through Rome Cable Division. 
How about bracing? No. 2 EC al- 
loy in the T6 or T62 tempers has ap- 
proximately the same yield strength 
as copper. Consequently, the same 


ALCOA 


& ROME CABLE 


DECEMBER 1961 


; @ N 


Circle 172 on Inquiry Card 


bracing as for copper can be used. 

Why pay more when aluminum 
does the job for less? And it’s avail- 
able now, in the sizes you need, from 
Alcoa. 

More facts? Any Alcoa-Rome rep- 
resentative can calculate the actual 
dollar savings you can make with 
aluminum flat bus. Or write to Rome 
Cable Division of Alcoa, Dept. 24- 
121, Rome, New York. 





LITERATURE for the Design Engineer 


All-new listings of manufacturer’s literature just off the press .. . 


including 


catalogs, manuals and other reference publications relating to components 


and materials for designed-in use in electrically energized end products. 


VIBRATION TESTER 


Bulletin 611 offers information on a 
high-frequency device for vibration 
testing of small components. With a 
l-oz load, frequency response (with- 
out feedback or compensation) is better 
than 10 per cent from 40 cps to 18 
ke. Unit is 6 in. high, 414 in. in diam. 
Vibrasonics. Inc., 10 High St., Boston 
10. 

Circle 756 on Inquiry Card 


RECTIFIER CONTROLLER 


Data Sheet 1706-2, two pages, presents 
a device for firing commercially avail- 
able silicon controlled rectifiers. Min- 
to-max firing voltage is 0.25 to 3 volts 
for rectifiers with gate resistances of 
125 to 700 ohms. Vickers, Inc., 1815 
Locust St., St. Louis 3, Mo. 

Circle 757 on Inquiry Card 


MOLDED COILS 


A folder of illustrated sheets covers 
“Luxolene” epoxy molded coils, minia- 
ture coils and high-voltage power 
packs. Sheets present electrical, en- 
vironmental and performance data on 
components. Wabash Magnetics, Inc., 
First and Webster Sts., Wabash, Ind. 

Circle 758 on Inquiry Card 


QUARTZ CRYSTALS 
Catalog 961, eight pages, covers low- 
frequency, plated and _pressure-type 
quartz crystals. Includes diagrams of 
oscillator circuits, details manufacture 
and use of crystals. Texas Crystal Div., 
Westronix Corp., 1000 Crystal Dr., Ft. 
Myers, Fla. 

Circle 759 on Inquiry Card 


PLUG-IN POWER SUPPLIES 


Four-page Bulletin 6 provides data on 
nineteen plug-in models using transis- 
tors. Lists voltages, currents and speci- 
fications. Units provide for remote and 
internal adjustable output. Acopian 
Technical Co., 927 Spruce St., Easton, 
Pa. 


Circle 760 on Inquiry Card 


ELECTRICAL JOINT COMPOUND 


Two-page data sheet describes conduc- 
tive properties of electrical joint com- 
pound “Alnox”. Substance is pliable 
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from 0 to 550 F, makes and maintains 
low-resistance connections. Intended for 
aluminum-to-aluminum and aluminum- 
to-copper connections, both bolted and 
compression. Aluminum Co. of Ameri- 
ca, Rome Cable Div., Rome. N. Y. 
Circle 761 on Inquiry Card 


METER RELAYS 
Bulletin 5, 24 pages, discusses operat- 
ing principles of continuous-reading 
meter relays. Circuit drawings, speci- 
fication charts, dimensions and cut- 
away drawings are included. Assembly 
Products, Inc., Chesterland, Ohio. 
Circle 762 on Inquiry Card 


TIMER-COUNTER 


Two-page data sheet TC-1 describes 
counting device which has high-speed 
time interval and expandable cycle- 
counting capabilities. Utilizes solid- 
state plug-in digital modules and 
printed circuits. Astro-Space Labora- 
tories, Inc., 2104 Memorial Parkway. 
S. W., Huntsville, Ala. 

Circle 763 on Inquiry Card 


POLYPROPYLENE POLYMERS 


Four-page Data sheet PD-11 discusses 
“Oleform,” a low cost impact-grade 
polypropylene for experimental _re- 
search. Lists ASTM test methods, 
physical, mechanical, thermal and 
electrical properties. Avisun Corp., 
1345 Chestnut St., Philadelphia 7. 
Circle 764 on Inquiry Card 


RECTIFIER TEST SET 
Two-page Bulletin TT114 describes 
Model OA-1 silicon controlled rectifier 
test set. Lists parameters measured, 
power-supply capabilities, metering 
ranges and power requirements. Baird- 
Atomic, Inc., 33 University Rd., Cam- 
bridge 38, Mass. 

Circle 765 on Inquiry Card 


CIRCUIT MODULES 


A four-page brochure and a series of 
design data sheets offer detailed in- 
formation on a line of circuit modules. 
Standard circuits include flip-flops, mul- 
tivibrators and pulse amplifiers. The 
Bendix Corp., Bendix Radio Div., Bal- 
timore 4, Md. 

Circle 766 on Inquiry Card 


TUBULAR PRODUCTS 

Bulletin 13, 20 pages, contains infor- 
mation on small-diameter stainless steel, 
nickel and alloy tubing. Includes in- 
procedures, characteristic 
tables. sizes and tolerances listings. 
\lso information on clad metals and 
composite wires. J. Bishop & Co., Mal- 


vern. Pa. 
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SELF-ALIGNING BEARINGS 
Eight-page brochure describes self-lub- 
ricating, self-aligning flange and stand- 
ard mounting bearings. Contains illus- 
trations, charts, mechanical dimensions 
and engineering data. Bronze Bearings, 
Inc., 3551 W. Addison St., Chicago 18. 
Circle 768 on Inquiry Card 


AUTOMATIC OSCILLOSCOPE 


Single-page data sheet describes Model 
5000 digital-readout 10-me oscilloscope. 
Unit features automatic sweep speed, 
sensitivity and positioning. All circuitry 
is solid-state. California Instruments 
Corp., 3511 Midway Dr., San Diego 10, 
Calif. 

Circle 769 on Inquiry Card 


METAL-BONDED CERAMICS 


Eleven-page brochure describes custom- 
made, metal-bonded ceramic-metal as- 
semblies. Contains physical properties, 
photographs and application data. The 
Carborundum Co., Refractories Div., 
P.O. Box 268, Perth Amboy, N. J. 


Circle 770 on Inquiry Card 


BRASS STRIP 
Four-page illustrated Publication D-26, 
describing brass strip, includes photo- 
graphs and specifications. Typical ap- 
plications include decorative panels for 
appliances. Chase Brass and Copper 
Co., Waterbury 20, Conn. 

Circle 771 on Inquiry Card 


TFE O-RINGS 
Four-page catalog P-1A lists complete 
references for over 250 sizes of TFE- 
fluorocarbon resin O-rings. The cata- 
log includes complete dimensional and 
tolerance information. Chicago Gasket 
Co, 1271 W. North Ave., Chicago 22. 
Circle 772 on Inquiry Card 
(Continued on page 163) 
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Allen-Bradley Nema Type 4 


STAINLESS STEEL ENCLOSURES for New 
Bulletin 709 Motor Starters 


NEMA Type 4 Watertight 
and Weatherproof Enclosures 


Complete Protection Against 
Water and Weather! 


Allen-Bradley’s revolutionary, new line of Bulletin 709 motor starters, 
which includes reversing switches, multi-speed starters, combination starters, 
etc., is now available in stainless steel enclosures. Thus the benefits of re- 
duced size, increased interrupting capacity, increased life, and longer trouble 
free operation can be given to all outdoor installations, or where a great deal 
of moisture is present. Designed for installation in dairies, breweries, meat 
and food processing plants and similar locations where a daily ‘“‘wash-up”’ 
is required, the ‘eye appeal’”’ of these stainless steel enclosures will also be BULLETIN 709 SIZE 2 
an asset. in watertight, weatherproof 
The standard Nema 4 enclosures are made of heavy gauge Type 302 stain- Stainless Steel Enclosure— 
for use where a great deal 


. . . m . ; of moisture is present, such 
ingly higher price. There are many other features about these revolutionary as tanneries, food process- 


starters that will interest you. Therefore, please write for Publication 6100: ing plants, pump houses, 


| an \ ‘ _ a — a yo ss Tro : dairies, breweries, etc., or 
Allen-Bradley Co., 1316 South Second Street, Milwaukee 4, Wisconsin. - niedieemnaeiaiionie 


less steel. However, Type 316 stainless steel can be furnished at a correspond- 
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eet of contact arrangement in A-B high voltage starters 
(only 1 pole shown — not actual size) 


Would You Believe That 
3g OF AN INCH IS THE REASON 


[ 

| | 

for e Reliability and Long Trouble x 
Free of A-B Starters Rated at 


2300 v; 2500 hp, 4600 v! 


Allen-Bradley high voltage starters were designed and are built to 
provide millions of trouble free operations. An astounding claim— 
for this class of apparatus—but true! The extraordinary perform- 
ance of the air break contacts is the result of extremely short con- 
tact travel—only *s "! Naturally, such short travel reduces pound- 
ing and contact wear to a minimum. Also, the famous Allen-Bradley 
solenoid principle of operation is so simple that nothing can go 
wrong. Maintenance-free, double break silver alloy contacts are 
used throughout. Allen-Bradley high voltage starters are available 
for all types of motors and all types of service. For full details 
please write today for Bulletin 6080 to: Allen-Bradley Co., 1316 
South Second Street, Milwaukee 4, Wisconsin. 


Bulletin 1172, Reduced Voltage 
Induction Motor Starter 


Bulletin 1159, Full Voltage 
Induction Motor Starter 


Bulletin 966, Full Voltage | Fa)! Bulletin 983, Reduced Voltage 


Synchronous Motor Starter Synchronous Motor Starter 
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DELAY LINES 


Single-page data sheet describes medi- 
um- and long-delay magnetostrictive 
delay lines covering range from 6 to 
5000 sec. Includes illustrations, di- 
mensions and specification data. Com- 
puter Devices Corp., 6 W. 18 St., Hunt- 
ington Station, N. Y. 

Circle 773 on Inquiry Card 


DATA ACQUISITION SYSTEM 


Bulletin 3047, -16 pages, describes 
MicroSADIC system that converts ana- 
log information to equivalent digital 
form and records it on magnetic tape. 
Provides functional description with 
photographs and block diagram. Con- 
solidated Systems Corp., 1500 So. Sham- 
rock Ave., Monrovia, Calif. 

Circle 774 on Inquiry Card 


SILICONE RUBBER FOAM 
Two-page Bulletin 9-417 describes sili- 
cone rubber compound RTV-S-5370 
which vulcanizes in 5 min at room 
temperature. Material is serviceable 
from —70 to +500 F and suitable for 
applications requiring thermal and vi- 
bration insulation. Dow-Corning Corp., 
Midland, Mich. 

Circle 775 on Inquiry Card 


LINEAR ACCELEROMETER 
Engineering Bulletin III provides de- 
scription of Series 310 accelerometer 


FASTER... 


which incorporates self-test circuit. 
Scale ranges from 0.1 to 10 g, output 
voltages are to 10 volts. Dynamic Meas- 
urements Co., Terwood Rd., Willow 
Grove, Pa. 

Circle 776 on Inquiry Card 


LABORATORY POWER CENTERS 


Bulletin LPC-220 describes 
self-contained power source which pro- 
vides regulated 120/208-volt, 60/400- 
cps, three-phase output at 5 kw, and 
24/28 volts d-e at 3 kw. General speci- 
fications, illustrations and dimensions 
Electric Specialty Co., 211 
Stamford, Conn. 

Circle 777 on Inquiry Card 


Two-page 


are given. 
South St., 


ELECTROMAGNETIC PICKUP 
Nomograph enables rapid calculation 
of voltage or frequency generated by 


gear-driven transducer pickups. Units 
generate an electrical signal when 


radiated magnetic field is interrupted. 
Electro Products Laboratories, Ine.., 
4500 No. Ravenswood Ave., Chicago 40. 

Circle 778 on Inquiry Card 


MODULAR MEMORY 


Ten-page brochure discusses “modular 
mass memory” Series 4000 disk files 
with capacities from 30 to 720 million 
bits. Details of construction, integrated 
electronic packages, and serial and 


parallel operation are described. Bry- 
ant Computer Products Div., 


Ex-Cell-O 


EASIER SWITCHING 














New Convenient Tabs on... 


<p THUMBWHEEL 
SWITCH 
Modules 





4-MODULE 
ASSEMBLY 


lighting. Ask for technical details today. 


Equally accurate for gloved or 
barehand operation. Espe- 
cially useful when manual 
settings are changed often. 
Large, clear numbers. High 
legibility because only se- 
lected number is visible. Can be furnished in 8, 10, 12 or 16 posi- 
tions with single or multi-wafer construction in lug or time-saving 
removable type printed circuit wafers. Digital, binary, multiples 
of each, or multiples of both available with or without internal 












Corp., 852 
Mich. 


Ladd Rd., Walled Lake, 
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MOTOR COMPONENTS 


Catalog Series 100 provides dimensions, 
performance curves and standards for 
motor components. Induction windings 
from 134 to 6% in. stator OD, in 
ratings from fhp to 20 hp, are de- 
scribed. EMD Components, Inc., 1400 
FE. 289 St., Wickliffe. Ohio. 

Circle 780 on Inquiry Card 


INTERVAL TIMERS 


Two-page Bulletin 6151 describes solid- 
state industrial interval timers that 
cover timing intervals from 0.5 sec to 
5.0 min. Bulletin gives mechanical and 
electrical data and describes control 
circuits. Electro-Seal Corp., 946 North 
Ave., Des Plaines, III. 

Circle 781 on Inquiry Card 


METALS AND CHEMICALS 


\ 12-page catalog lists lithium chemi- 
cals, metal and minerals, electrolytic 
zirconium welding-grade 
products and steel addition agents for 
applications in the ceramic, electronic, 
nuclear and  astronautic industries. 
Chemical analyses for applicable prod- 
ucts are presented. Foote Mineral Co., 
18 W. Chelten Ave.. Philadelphia 44. 
Circle 782 on Inquiry Card 

(Continued on page 164) 
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electrical porcelain 


Built to your Drawings and Specifications 


SEND US YOUR INQUIRIES 


CHICAGO DYNAMIC doh chain did 


PRECISION PRODUCTS 
Cp) 1725 Diversey Bivd., Ch 
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STABLE ELECTRICALS. Binding posts 
made of LEXAN resin retain electricals 
even under moist, hot conditions. They 
do not loosen, are molded in six attrac- 
tive LEXAN colors for coding. Other fea- 
tures are: low loss and power factor, low 
dielectric constant, high voltage insu- 
lation, non-sink surfaces. 

(Superior Electric) 


MICROWAVE ATTENUATOR KIT 
Bulletin FC-1, single page, offers in- 
formation on metal-film microwave re- 
sistors and attenuators for breadboard 
applications. The bulletin lists resist- 
ance ranges and tolerances available. 
Filmohm Corp.. 48 W. 25 St., New 
York 10. 

Circle 783 on Inquiry Card 


SILICON SIGNAL DIODE 


Bulletin, four pages, covers Type SD- 
150 general purpose diode for high- 
speed switching. Minimum conductance 
is 50 ma at | volt, recovery time is less 


than 2 nanosec. General Electric Co., 
Semiconductor Products Dept., Syra- 
cuse 1, N. Y. 

Circle 784 on Inquiry Card 


TUNING-FORK OSCILLATOR 


Bulletin 61D. four 
formation on 


pages. offers in- 
tuning-fork oscillators 
that incorporate solid-state design. In- 
cludes dimensional data, complete elec- 
trical specifications; lists output sig- 
nals available. Fork Standards, Inc., 
1915 No. Harlem Ave., Chicago 35. 
Circle 785 on Inquiry Card 


PLUGS AND JACKS 

Catalog FR-62-ER. 30 pages, describes 
tip and phono jacks, plugs, switches, 
cable clamps, test leads and connectors. 
Includes photograph and dimensioned 


164 


HEAT RESISTANCE. Beautiful handles of 
LEXAN polycarbonate resin are used in 
rugged service on U.L. approved solder- 
ing irons. They resist the impact, heat 
and abrasion of daily bench work. The 
hard, glossy handles are light in weight. 
Molded in three pastel colors, they pro- 
vide toughness and sales appeal. 
(Ungar Electric Tools) 


drawings. GC Electronics Co., 400 So. 
Wyman St., Rockford, Ill. 

Circle 786 on Inquiry Card 
COMPUTING AND CONTROL 
AMPLIFIERS 
A single-page data sheet, second in a 
series of technical bulletins, offers in- 
formation on amplifiers for control and 
computing applications. The publica- 
tion discusses drift and its relation to 
shielding. General Computers, Inc., 
9000 W. Pico Blvd., Los Angeles 35. 

Circle 787 on Inquiry Card 
TANTALUM CAPACITORS 


Two data sheets, each two pages, de- 
scribe Types STA polar and Types 
STAN non-polar, solid-tantalum capaci- 
tors. The bulletins cover ten polar Type 
STA ratings ranging from 300 to 4000 
pf and ten non-polar Type STAN 
ratings from 150 to 2000 yf. Include 
electrical ratings, dimensional diagrams 
and performance curves. Fansteel 
Metallurgical Corp., Rectifier-Capacitor 
Div., No. Chicago, Il. 

Circle 788 on Inquiry Card 
WIRE AND CABLE 


A 20-page brochure, WC-3131G, titled 
“Wires and Cables for Electronic 
Equipment and Systems,” offers data 
on wire for military use. Includes com- 
plete data on electronic multiconductor 
and single-conductor cables in a variety 
of constructions and jackets. General 


DIMENSIONAL STABILITY. Maximum al- 
lowable change in this 5-inch aircraft 
instrument part is only 5 mils over a 
temperature range of —65° to 300°F! 
And it must maintain this tolerance 
under high humidity. Part is injection 
molded of LEXAN resin as half spheres 
which are solvent cemented, lathe- 
turned and painted. (Lear, Inc.) 


Electric, Chemical and Metallurgical 
Div., Bridgeport 2, Conn. 
Circle 789 on Inquiry Card 


ENCAPSULATED MODULES 
Bulletin CC-1, six pages, covers en- 
capsulated circuit modules for military 
and industrial electronics use. Included 
in the bulletin are technical data, cir- 
cuit designs, dimensional diagrams and 
coding schemes. General Instrument 
Corp., Semiconductor Div., 65 Gouver- 
neur St., Newark 4, N. J. 

Circle 790 on Inquiry Ca.d 


BALL BEARINGS 


A 48-page catalog covers a complete 
line of miniature and instrument ball 
bearings. It provides application infor- 
mation, cross-sectional drawings, di- 
mensions and tolerances. New Depar- 
ture Div., General Motors Corp., Bris- 
tol, Conn. 

Circle 791 on Inquiry Card 


SEMICONDUCTOR DEVICES 


Catalog, eight pages, lists ratings and 
specifications of a series of transistors 
for varied applications. The catalog 
tabulates characteristics at 25 C for 
low- and _ high-current components. 
Kearfott Semi-Conductor Corp., Gen- 
eral Precision, Inc., 437 Cherry St., 
West Newton, Mass. 

Circle 792 on Inquiry Card 


ELECTRO-TECHNOLOGY 




































































































































































TRANSPARENCY of LEXAN resin is 
important in chart guide for recorder. 
LEXAN resin is the only transparent 
plastic able to withstand heat generated 
by internal lights. It is distortion-free at 
temperatures up to 270°F and self- 
extinguishing. Its extremely high impact 
strength eliminates cracking of guides. 

(The Foxboro Co.) 


SYNCHRO STANDARDS 


\ two-page brochure offers technical 
data on a series of synchro standards 
designed to simulate the output of a 
master synchro transmitter. Covered in 
text are operating principles and a 
block diagram of a typical synchro test 
set-up. Gertsch Products. Inc., 3211 S. 
La Cienega Blvd., Los Angeles 16. 
Circle 793 on Inquiry Card 


HEAT-SINK WAFERS 
\ two-page bulletin, TIB-700, details 
wafers for assembly of rectifiers, diodes 
and other electronic devices. Pressed, 
powdered-metal wafers include silver- 
bimetallically backed by 
silver, copper, or nickel. Gibson Elec- 
tric Sales Corp.. Box 700. Delmont, Pa. 
Circle 794 on Inquiry Card 


tungsten 


SOLID-STATE MOTION DETECTOR 
Brochure, four pages, details data cov- 
ering Model R29A ‘“Refractosyn” for 
motion detection of less than 1 sec of 
arc in measurement and control sys- 
tems. The brochure presents features, 
operating principles and detailed per- 
formance specifications. HH Controls 
Co., 7 Leroy Drive, Burlington, Mass. 
Circle 795 on Inquiry Card 


GENERAL-PURPOSE RELAYS 
A six-page short-form catalog describes 
a variety of industrial and commercial 
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TOUGHNESS. Press-fitted into metal 
gear used in an electric drill, bushing of 
LEXAN polycarbonate resin provides 
safety from electric shock . . . helps 
eliminate need for additional grounding. 
Strength and creep resistance of LEXAN 
resin enables bushing to withstand 
torque and load requirements of drill. 
(Millers Falls Co.) 






relays. The publication provides speci- 
fications, operating information and 
application data on the line, which in- 
cludes general-purpose, plate-circuit, 


digital-counter, antenna, power and 
plug-in relays. Hillburn Electronics 


Corp.. 55 Greenpoint Ave., Brooklyn 


22, ™! 3 
Circle 796 on Inquiry Card 


WIRE AND CABLE 
\ 58-page catalog offers detailed in- 
formation on a line of wires, cables and 
insulating jackets. The catalog provides 
listings of applicable military specifi- 
cations and electrical ratings. Hi-Temp 
Wires Co.. 1200 Shames Drive, West- 
bury, N. Y. 

Circle 797 on Inquiry Card 


MAGNET-WIRE TESTING 
Bulletin MW-1000, six pages. presents 
test procedures for all film-coated mag- 
net wire. The manual summarizes 
NEMA and MIL-W-583D specification 
testing techniques applicable. Hudson 
Wire Co., Winsted, Conn. 

Circle 798 on Inquiry Card 


CASTING COMPOUND 

Bulletin DPE-14, two pages, describes 
a flexible casting compound for en- 
capsulation of transformers which are 
to meet MIL-T-27A. Class 5, Grades 
2 and 5. The two-component heat-cure 
system has a low working viscosity and 






GOOD DIELECTRIC— 
AND MUCH MORE! 


ARE YOU LOOKING FOR A PLASTIC 
THAT CAN REALLY TAKE IT? 


To demonstrate the toughness of 
LEXAN resin, salesmen wvill some- 
times slam and hammer a product 
made of the material. LEXAN has 
the highest impact strength of any 
plastic — amounting to 12-16 foot- 
pounds per inch of notch —and it 
usually emerges unscathed from en- 
counters with such “merchandising 
stresses”. It is a high-performance 
material, likewise, with regard to 
high-temperature behavior and di- 
mensional stability. 

Its many other advantages make 
it a priority material for thorough 
investigation by all designers, engi- 
neers and molders. We will be 
pleased to supply you with informa- 
tion on the properties, processing and 
end-uses of LEXAN resin. Don’t 
hesitate to write to us. General Elec- 
tric, Chemical Materials Department, 
Section ET 10-1, Pittsfield, Mass. 


LEXAN’ 


Polycarbonate Resin 


GENERAL @@ ELECTRIC 


Circle 176 on Inquiry Card 





a three-day pot life at room tempera- 
ture. Flame-out system 
compound C9-5041 and hardener H4- 
3656. Hysol Corp., Olean, N. Y. 

Circle 799 on Inquiry Card 


consists of 


VACUUM SYSTEM 
\ two-page data describes the 
Model 102 high-vacuum system, cap- 
able of attaining a pressure of 2 
10°'° mm Hg. The data sheet provides 
a photograph, description and specifi- 
cations of the system. [likon Corp., 
Natick Industrial Centre, Natick, Mass. 
Circle 800 on Inquiry Card 


) 
sheet 


RETAINING RINGS 


Illustrated, 24-page Catalog 61 covers 
retaining ring; contains dimensions, en- 
gineering photo- 
graphs. Industrial Retailing Ring Co.., 
57 Cordier St.. Irvington 11. N. J. 
Circle 801 on Inquiry Card 


specifications and 


INTERROGATOR SYSTEMS 


Brochure, 24 pages, describes random- 
access file interrogator. Contains photo- 
graphs, specifications and block dia- 
grams of alpha-numeric and numeric 
interrogators. Information Products 
Corp., 156 Sixth St., Cambridge, Mass. 

Circle 802 on Inquiry Card 


MICROMINIATURE RELAYS 
Two-page Bulletin 100-N contains il- 
lustrations, characteristics table and di- 
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mensions of MIL-R-5757D relays. Fea- 
tures bifurcated contact construction. 
Relays are 6PDT miniature types with 
contacts for dry circuits or up to 2.0 
amp resistive at 28 volts d-c. Electronics 
Div.. Iron Fireman Mfg. Co., 2838 S. 
E. Ninth Ave., Portland 2. Ore. 

Circle 803 on Inquiry Card 


EPOXY POLYMERIC RESINS 
Four-page Isochemrez 400 Series Tech- 
nical Data Bulletin describes electrical, 
physical. and adhesive properties of 
resins. Several flexible resin types are 
listed. Resins are for casting. dipping, 
impregnation and_ sealing. Isochem 
Resins Co.. 221 Oak St.. Providence 
9, R. I. 

Circle 804 on Inquiry Card 


DIELECTRIC SEALING COMPOUND 
Two-page Technical Bulletin EL-65A 
describes a plastic-rubber-based, heavy- 
duty electrical insulation in ribbon or 
bulk form. Average electric strength is 
445 velts/mil. Application data and 
table of properties are included. Johns- 
Mansville. 22 E. 40 St.. New York 16. 
Circle 805 on Inquiry Card 


RESISTANCE RATIO REFERENCE 

Four-page bulletin “Precision,” Vol. 4. 
No. 1, describes resistance standards 
and ratio-establishing techniques to 


give accuracy to one part in ten mil- 
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lion. Resistance instrumentation ap- 
plicable to ratio measurements is dis- 
cussed. Julie Research Laboratories. 
Inc., 603 W. 130 St., New York 27. 
Circle 806 on Inquiry Card 


VARIABLE-SPEED DRIVE 


Bulletin 585, 4 pages, describes vari- 
able-speed drives; also manual and 
pneumatic control devices. Photographs, 
performance specifications and dimen- 
sional information is included. Lewel- 
len Mfg. Co., Columbus, Ind. 

Circle 807 on Inquiry Card 


MICROWAVE PRODUCTS 
Catalog of 42 pages describes coaxial 
transmission-line equipment, antennas 
waveguide, accessories and _ systems. 
Engineering data, photographs, me- 
chanical dimensions and _ specification 
tables are included. Telerad, Div. of 
Lionel Corp., Route 69-202, Fleming- 
ton, N. J. 

Circle 808 on Inquiry Card 


SOLID-STATE SWITCH 


Two-page Bulletin LJ-AC61 describes 
a switch with solid-state circuit for use 
between low-current relays or switch 
contacts and loads. Unit contains no 
contacts, switches load circuits of up 
to 20 amp at 115 volts a-c. LJ Products. 
7464 Girard Ave., La Jolla, Calif. 

Circle 809 on Inquiry Card 
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POLARIZED RELAYS 
Catalog F discusses design features, 
coil details and contact materials of 
small-size relays in six pages. Circuit 
drawings and photos are included. Re- 
lays handle currents up to 3 amp. Mag- 
netic Devices, Inc., 712 East St., Frede- 
rick, Md. 

Circle 810 on Inquiry Card 


MINIATURE GEARS 


Catalog 461, 18 pages. offers informa- 
tion on gears and gear-blank sizes 114 
in. in major diam. Bores from 0.090 
to 0.250 in. in both pin and clamp 
types. Northfield Precision Instrument 
Corp., 4400 Austin Blvd., Island Park, 
LL. 

Circle 811 on Inquiry Card 


METALIZED CERAMIC TERMINALS 
Two-page technical Bulletin M-104 
contains illustrations and dimensions 
describing high-temperature terminals 
and feed-throughs for transformers, 
capacitors, connector seals and reactors. 
Metalizing Iidustries, Inc.. 338 Hud- 
son St., Hackensack, N. J. 

Circle 812 on Inquiry Card 


AUDIO OSCILLATORS 


Illustrated brochure, 12 pages, dis- 
cusses plug-in solid-state audio tone 
oscillators. Output of devices can be 
any single frequency from 50 cps to 30 
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DVM ENDS 
ee A 


RECALIBRATIONS 


New EAI Series 5001 Transistorized Digital Voltmeter will maintain full accuracy without recalibration 


for more than six months. Accuracy specifications have significance only when supported by such 
stability. This unique digital voltmeter automatically seeks out the correct range for readings of 100 
microvolts to 1199.9 volts. In addition to automatic range changing and 20% over-range, it provides 
floating input, accuracy of 0.01% full scale plus one digit, full time high input impedance up to 1000 
megohms and an average of 200 readings per second. In all, the EAI Series 5001 is an outstanding 


instrument for laboratory, production and system use. Write for full information today to Dept. ED 10. 
Visit us at Booths 81, 82, 83 at Eastern Joint Computer Conference. 


Career Opportunity for Engineers — Graduate or advanced degrees in EE, Physics, Math —call or write Gordon Strout, Director-Personnel 
ELECTRONIC ASSOCIATES, INC. Long Branch, New Jersey 
Leader in Analogics Analog/Digital Computers Data Reduction Process Control Instruments Computation Service 
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ke. Includes block diagrams, circuit 
description, wiring diagrams and me- 
chanical ns MF Electronics 
Corp., 118 E. 25 St., New York 10. 
Circle 813 on Inquiry Card 


MICROWAVE COMPONENTS 
Eight-page Catalog MCS-861 offers 
data, dimensions, photographs, electri- 
cal and mechanical specifications of 
ferrite devices, low-power terminations, 
directional couplers, standard gain 
horns and detector mounts. Microwave 
Components and Systems Corp., 1001 
So. Mountain Ave.. Monrovia, Calif. 


Circle 814 on Inquiry Card 


ELECTRONIC COMPONENTS 


Catalog 62, 48 pages, 
tions and descriptions of 
television components. Contains specifi- 
cations of r-f chokes, i-f transformers 
and adjustable coils; also interference 
filters, variable capacitors and _ coil 
shields. J. W. Miller Co., 5917 So. 
Main St.. Los Angeles 3. 

Circle 815 on Inquiry Card 


contains illustra- 
radio and 


GERMANIUM DIODES 


Four-page brochure A-101 
characteristics and physical specifica- 
tions of several miniature glass diodes, 
including computer types, high reverse 
resistance and high forward-conductive 
Color-coding information is in- 


describes 


types. 


HAMLIN 


e/ectrical and 
e/ectronic 
components 


ACTUAL SIZE 


GRAVITY SENSING 
ELECTROLYTIC 
POTENTIOMETER 


Excellent for gyro 
scope correction 
mechanisms. Not ma- 
terially affected by 
vibrations. Keeps 
**hunting’’ to mini- 
mum. Compact — ex- 
tremely accurate. 


MAGNETIC 
REED SWITCHES 


Operate in any posi 
tion — hermetically 
sealed — use in wet 
Gry, or , explosive’ 

atmosphere. Not a 

fected by high or os 
temps. Compact, rapid 
Cycling, long life 


Y Specify HAMLIN 


for systems te indicate or inte- 
grate functions of: RPM's thru 
circuits * TIME * MOTION « 
MEASUREMENT « TEMPERATURE 
* POSITION > SEQUENCE > FLOW ° 
© PRESSURE + LIQUID LEVEL 
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MERCURY 
SWITCHES 


Many design ideas. Super- 
sensitive— sealed against 
trouble. Select from huge 
variety of electrical and 
operating characteristics, 
contacts, 
nal arrangements. Custom 
designs upon request. 


} 

\ Specify HAMLIN 

if you manufacture: TEMP. or 
FLOW CONTROLS « IND. PROCESS 
CONTROLS * ALARM DEVICES « 
GYROSCOPIC INSTRUMENTS «+ 
AUTOMATION + ATOMIC POWER 
REACTORS + RELAYS 


SEND FOR BULLETIN 


A ie ee: 


DEPT. ET « LAKE and GROVE STREETS + LAKE MILLS, WISCONSIN 


cluded. National Transistor Mfg., Inc 
500 Broadway, Lawrence, Mass. 
Circle 816 on Inquiry Card 


CONDUCTIVE AND 
MAGNETIC PLASTICS 
Two single-page data sheets offer in- 
formation on “Diall BF80,” a magnetic 
molding compound, and “Diall 1610.” 
a conductive molding compound. Mag- 
netic compound contains ferrite-powder 
fillers; conductive compound conduc- 
tivity is 2.5 mhos/em. Specifications 
and performance characteristics are 
listed. Mesa Plastics Co., 12270 Ne- 
braska Ave., Los Angeles 25. 

Circle 817 on Inquiry Card 


RELAY ANALYZER 


Data sheet, two pages. offers details on 
Model 140-A analyzer for “go-no go” 
or quantitative testing of relays. The 
unit measures pull-in and drop-out 
voltages in addition to operate, release 
and bounce times. Schmeling Electron- 
Div., Raritan Industries Corp., 20 

First St., Keyport, N. J. 
Circle 818 on Inquiry Card 


ELECTRICAL TAPES 

Eight-page illustrated catalog describes 
line of friction and plastic electrical 
tapes. Data charts include temperature 
ranges and chemical properties; lists 
ASTM specifications. Tape Div., Ply- 





mouth Rubber Co., Inc., Canton, Mass. 
Circle 819 on Inquiry Card 


HIGH-VOLTAGE RELAY 
Two-page data sheet details 
RVS-1 SPDT, NC relay for 
of voltages to 17 kv a-c or d-c. Offers 
detailed electrical specification, appli- 
cation data and dimensioned drawing. 
Resistron Laboratories, Inc., 2908 Ne- 
braska Ave., Santa Monica, Calif. 

Circle 820 on Inquiry Card 


Model 


transfer 


ACRYLIC MOLDING POWDER 


Brochure of four pages describes “Im- 
plex R,” high-impact-strength acrylic 
molding powder. Outlines applications, 
properties and chemical-re- 
available 
of colors. 


physical 
sistance properties. Powder 
in natural and a wide range 
Rohm & Haas Co., Washington Square, 
Philadelphia 5. 

Circle 821 on Inquiry Card 


ELECTRIC TACHOMETERS 


Bulletin 720, 12 pages, 
plete tachometer systems, tachometer 
generators and indicators. Illustrates 
various enclosures for indicators, in- 
cluding waterproof units; associated 
drive mechanisms are featured. Herman 
H. Sticht Co., Inc., 27 Park Place, 
New York 7 


describes com- 
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(Continued on page 170) 


MAXIMUM TRANSIENT 


Transistorized 
Battery Operated 


lead and termi- 


A low-cost, 


Stamford Fi 8-7734 


High Input Impedance 

1 usec. Pulse Response 

200 or 2000 Volt Ranges 

Low Cost — Only $325.00 
Immediate delivery from stock 
portable instrument, 
the Regent Model TD761M2 is 
designed to indicate accurately 


REGENT CONTROLS, 


Specialists in Automation Electronics and Control Systems 
Harvard Avenue, Stamford, Conn. 


Circle 180 on Inquiry Card 


VOLTAGE INDICATOR 


FOR SEMI-CONDUCTOR ENGINEERS 


the maximum level of transients, 
of | usec. or greater duration, up 
to 2000 volts, in any part of a 
circuit. It also indicates the peak 
value of any voltage wave form 
including D.C. Read-out is di- 
rect from a calibrated dial which 
retains its setting indefinitely un- 
til manually reset. Write for full 
information. 


INC. 


New York City CA 8-2220 


ELECTRO-TECHNOLOGY 
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If protective devices fail to protect, costly burnouts 
may result. Or, if they open needlessly, equipment 
is put out-of-service. In either case, users may blame 
the trouble on the equipment and not on the faulty 
protective device. 


To guard against this happening to your equip- 
ment, specify BUSS and FUSETRON fuses. Each 
and every fuse is tested in a sensitive electronic de- 
vice that automatically rejects any fuse not correctly 


calibrated, properly constructed and right in all phys- 
ical dimensions. 

Should you have a special problem in electrical 
protection, where you might be in doubt as to the 
proper fuse to use, BUSS places at your service the 
facilities of the world’s largest fuse research labora- 
tory and its staff of engineers. 

To get full data for your files, write for the BUSS 
bulletin on small dimension fuses and fuseholders. 
Form SFB. 


1261 
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TIMING MOTORS 
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Hansen SYNCHRON 
being assembled 
into “‘EC"’ Local 
Controller unit 


A vital component of 
EAGLE SIGNAL CORPORATION 
Vehicle Supervised Traffic Control Systems 


EAGLE SIGNAL CORPORATION uses Hansen SYNCHRON motors for synchronous 
power to govern signal timing operations in “EC” Traffic Control Systems. Hansen 
SYNCHRON motors regulate amber and pedestrian clearing intervals — and all 
other intervals which remain constant regardless of cycle length . . . and also govern 
the 4 independent traffic splits (time division for vehicular traffic) — as well as any 
interval which is variable according to cycle length. The Hansen SYNCHRON, 
regulating constant intervals, operates on 60-cycle power supply . . . the one govern- 
ing variable intervals responds to variable frequency from the master control unit. 


HANSEN SYNCHRON TIMING MOTORS were chosen by Eagle Signal after careful test- 
ing of several makes of synchronous motors. Due to the size of some timing devices 
and control units, a small motor with good performance characteristics was needed 
to fit the space limitations. After extensive tests, Hansen SYNCHRON motors were 
specified for: (1) high-quality performance under test; (2) lower cost; (3) long-life 
operation as an integral part of traffic control units. Since adoption, Eagle Signal has 
never experienced an assembly slowdown or stoppage due to failure on service or 
delivery of Hansen SYNCHRON Timing Motors. 


SEND TODAY for informative folder containing specifications and technical data on 
all Hansen SYNCHRON motors and clock movements. 

HANSEN REPRESENTATIVES: 

THE FROMM COMPANY 

5150 W. Madison, Chicago, Illinois 

H. C. JOHNSON AGENCIES, INC. 

Rochester, N. Y. — Buffalo, N. Y. — Syracuse, N. Y. 

Binghamton, N. Y. — Schenectady, N. Y 
ELECTRIC MOTOR ENGINEERING, INC. 


HANSEN 
Los Angeles, Calif. — (Olive 1-3220) 


MANUFACTURING Sidinedk. Galloraie 


COMPANY, INC. (S) 
WINSLOW ELECTRIC CO. 2) 


New York, N.Y. — Essex, Conn. (SOuth 7-8229) 
Philadelphia, Penn. leveland, Ohio 


Sweet's Product 
Design File 


PRINCETON, INDIANA 


Circle 182 on Inquiry Card 


GLASS-ENCLOSED CRYSTALS 


Single-page data sheet offers informa 
tion on high-stability, 3-mc crystals in 
T-5 %, T-6 % or HC-27/U outlines. 
Series current is 0.25 to 1.25 ma, shunt 
capacitance is 3.5 pf. Scientific Radio 
Products, Inc., 2303 W. Eighth St., 
Loveland, Colo. 

Circle 823 on Inquiry Card 


OPTICAL TERMINOLOGY 
A two-page sheet titled “Glossary of 
Optical Terminology” covers a wide 
range of technical optical terms. Gives 
definitions, discusses infrared lenses 
and achromat lenses suitable for use 
in l- to 14-micron range. Servo Corp. 
of America, 111 New South Rd., Hicks- 
ville, L. I., N. Y. 

Circle 824 on Inquiry Card 


SERVO PREAMPLIFIER 


Bulletin 14-61, two pages, details Model 
51-100 miniature solid-state preamplifier 
with output of 2 volts across 10-k-ohm 
load. Delivers up to 3.5 watts at 40 
volts to center-tapped Size 11 servo- 
motor. Servo Development Corp., 2 
Willis Court, Hicksville, L. I, N. Y. 
Circle 825 on Inquiry Card 


DISK BRAKES 


Bulletin NPP3-61-B, four pages, covers 
a line of self-adjusting brakes which 
compensate for lining wear. The series 
is offered in 10 to 105 ft-lb torque rat- 
ings, in dust-tight waterproof enclos- 
ures. Stearns Electric Corp., 120 No. 
Broadway, Milwaukee 2, Wis. 

Circle 826 on Inquiry Card 


EPOXY ADHESIVE 


Single-page data sheet outlines proper- 
ties of Type M 666 adhesive for metal- 
to-metal and metal-to-plastic bonding. 
The two-component system cures at 150 
F in 2 hr; pot life is 1144 hr. Rubber 
and Asbestos Corp., 225 Belleville Ave.., 
Bloomfield, N. J. 

Circle 827 on Inquiry Card 


SYNCHRONOUS MOTORS 


Data Sheet 2, four pages, describes 
motors for d-c stepping applications. 
Operation can be from single-ended 
power source with DPDT switching. 
Torque ratings are 50, 100 and 250 oz- 
in. Superior Electric Co., Bristol, Conn. 

Circle 828 on Inquiry Card 


PUSHBUTTON SWITCHES 


Catalog S-306, 12 pages, describes both 
non-illuminated and illuminated switch- 
es in which buttons light up to indicate 
position. It gives information on dif- 
ferent combinations available such as 
numbers of stations, rows, functions, 
solenoid releases and ganged assem- 
blies. Switchcraft, Inc., 5555 No. Els- 
ton Ave., Chicago 30. 


Circle 829 on Inquiry Card 
(Continued on page 172) 
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For Magnetic Forming 
Hypervelocity Wind Tunnels 
Plasma Research 

and many other applications... 


SANGAMO 
ENERGY DISCHARGE 


CAPACITORS @ with COMPLEX C° 


meet the most demanding electrical and mechanical design criteria 


Sangamo knows energy discharge capacitors The most significant advance in this field is the 
and their application—a Sangamo research development of Complex C (Sangamo’s exclusive 
team has spent years in establishing detailed dielectric impregnant and fill). The use of Com- 
design criteria to meet the requirements of plex C, with all other characteristics and circuit 
every conceivable capacitor bank. The energy conditions being equal, results in a life expectancy 
discharge units developed by Sangamo meet 10 to 100 times that previously possible. The 
the exact requirements specified, in order to exceptional life expectancy of Sangamo Complex 
give you the most for your investment in a C capacitors will give you the most for both your 
large energy discharge capacitor bank. dollar per joule and dollar per shot investment. 


SEND FOR SANGAMO’S BULLETIN TSC-208 
FOR FULL INFORMATION ON THESE CAPACITORS 
The complete story of the design criteria behind 
Sangamo high voltage, low inductance, energy dis- 
charge capacitors is told in detail in this new bulletin. 
It contains valuable information on possible circuit 
applications, methods of determining self-inductance 
of a capacitor, and standard capacitor listings that 
represent typical values for your energy discharge 
applications. Your copy will be sent on request. 


Address: 


SANGAMO ELECTRIC COMPANY 
SPRINGFIELD, ILLINOIS 


ALLOA ERO ILENE ABE 
[tT 


ELECTRONIC COMPONENTS _ 
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NEW 
SOLID STATE 
POWER SUPPLIES 


ELECTRONIC WELDING 








ELECTRON TUBE 
Engineering data sheets, 12 pages, de- 
tail subminiature Type 5840 pentode 
intended for use as an amplifier at 
frequencies to 400 mc. Bulb is T-3; 
plate voltage is 150 volts d-c for the 
MIL-E-1 unit. Transconductance, 5000 
pmhos; plate dissipation, 1.1 watt. 
Sylvania Electric Products, Inc., Em- 
porium, Pa. 

Circle 830 on Inquiry Card 


PUNCHED-CARD SWITCH 


Four-page brochure and series of data 
sheets describe card switches for auto- 
matic programming of test equipment, 
also production and process control. 
Offers information on applications, ca- 
pacity and operation. Taurus Corp., 
Academy Hill, Lambertville, N. J. 
Circle 831 on Inquiry Card 


RELAYS AND TIMERS 
Catalog 861A provides illustrated tech- 
nical data for complete electromagnetic 
relay and motor-driven timers. Se- 
quence, manual reset, automatic reset. 
cycle, delay and interval timers are 
among the types presented. Telex- 
Aemco Div., Telex, Inc., 10 State St., 
Mankato, Minn. 
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PRECISION THERMOSTAT 


High Resolution Dual Range Circuits ae ten 
Data Sheet PRET-9, two pages, offers 
details covering Model M2 snap-acting, 


poor : 
—LOow &« Y HIGH oe bi-metallic thermostat. Temperature- 


2 setting ranges vary from 0 to +350 
for fine resolution for precisely controlled F, closing-temperature tolerances are 
: : , POWER 
in thin film 


SUPPLIES energy levels in joining from +3 to +5 F:; differential is 2 to 
lead attachment and 


whisker wires. 


IN 


heavier wires 
up to 0.040 


By employing two entirely separate 
circuits, these new solid state units 
give best resolution in both ranges. 
Attaching fine wire whiskers and 
joining micro components are among 
the many applications where this fine 
degree of resolution assures produc- 
tion weld consistency. 


The high range is designed for stand- 
ard lead materials in high density 
component packaging. Voltage regu- 
lation, to within 0.5% for input vari- 
ation between 100 and 130 volts is 
standard on Models 1049 and 1059. 
Immediate delivery on all models. 
For more information, write Weld- 
matic Division/Unitek, 950 Royal 
Oaks Drive, Monrovia, California. 


a 


PICK THE MODEL THAT 
BEST FITS YOUR NEEDS— 


MODEL 1039— 

Energy Storage Range 
Low: .04 to 3 watt-seconds 
High: .2 to 15 watt-seconds 


MODEL 1049—With Voltage Regulation 
Energy Storage Range 

Low: .04 to 3 watt-seconds 

High: .2 to 15 watt-seconds 


MODEL 1058 — 
Energy Storage Range 
Low: .04 to 9 watt-seconds 
High: .2 to 45 watt-seconds 
MODEL 1059—With Voitage Regulation 
Energy Storage Range 
Low: .04 to 9 watt-seconds 
High: .2 to 45 watt-seconds 


THEN TEAM IT WITH 
A POWER-MATCHED 
WELDMATIC HEAD 


Patented pure force-firing 
action, absolute linear elec- 
trode movement, and fastest 
follow-up are among the 
many outstanding features 
that make these heads the 
best choice for any precision 
bonding assignment. 


WELDMATIC DIVISION / UNITEK 
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9 deg F. Metals & Controls Inc., Div. 
Texas Instruments Inc., 34 Forest St., 
Attleboro, Mass. 
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FASTENERS 


Bulletin 359, 32 pages, describes appli- 
cations and engineering data for each 
fastener type in product line. Fasteners 
are Speed. Nuts, Speed Grips, Speed 
Clamps and multi-purpose varieties. 
Included are tabulated dimensioned 
drawings and photographs of installa- 
tion procedures. Tinnerman Products, 
Inc., Cleveland, Ohio. 
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FUSES 
Catalog 61 contains two pages on in- 
dustrial fuses and fuse accessories. 
Also covers lubricating devices such as 
oilers. Trico Fuse Mfg. Co., 2948 No. 
Fifth St., Milwaukee 12, Wis. 
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TERMINAL HEADERS 


Illustrated brochure, four pages, pre- 
sents detailed information on a line of 
molded terminal headers. Headers used 
for plug-in modules, transformers, ca- 
pacitors, etc. General and detailed 
specifications of several of the models 
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high-frequency heavy welded 
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for easy belt 
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360 to 3300 cycles 


R&M package high cycle generators 
provide dependable current beyond - ig te tdi ok 
the practical range of frequency con- converters 
verters. Rugged revolving field con- f 120 to 420 
struction is used in ratings of 1500 cycles and lower. 
Ratings above 1500 cycles are brushless inductor design. cycles 
Excitation of DC alternator field is provided by simple 
silicon rectifiers, protected against short circuits by time- 
delay fuses. For changing output frequency, R&M can 


A 


furnish variable pitch pulleys or variable speed drives. 
R&M’s low-cost frequency converters make 220 volt-3 
phase-120 through 420 cycle power available from 60 
cycle supply .. . rated 2/2 KW (horizontal construction ) 
5, 7% and 1OKW (vertical). 


Write today for bulletin 5;5A-ET! 
ROBBINS & MYERS, INC., Springtieid, Onio 


Fractional and Integral HP Electric Motors * Electric Hoists and Overhead Traveling Cranes * Moyno, Industrial Pumps 
Propellair, Industrial Fans * R&M-Hunter Fans and Electric Heat * Trade-Wind Range Hoods and Ventilators 
Subsidiary companies ot: Memphis, Tenn., Pico Rivera, Calif., Brantford, Ontario. 
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LET MUELLER 
MAKE IT! 


Mueller Brass Co. of Port Huron is| 
much more diversified than the name | 


“Brass” implies . . . a lot more. In 
fact, because of its many and varied 
facilities . . . its men, methods and 
metals ... Mueller is in the unique 
position of being able to offer true 
single source service. 


MUELLER HAS THE MEN . 


problems, and improve a part or 


components for production by the | 
most economical method. You get | 


sound engineering plus 45 years of 
practical metalworking production 
experience when you “Let Mueller 
Make It.” 


MUELLER HAS THE METHODS .. . 
when you “Let Mueller Make It”, 
you are utilizing one single source 
that is able to produce parts any one 
of these ways: as forgings, impact ex- 
trusions, sintered metal parts, screw 
machine products, formed tube or 
as Castings. 


MUELLER HAS THE METALS... and 
the materials . . . to produce pre- 
cision parts in aluminum, brass, 
bronze, copper, iron, and steel in 
hundreds of different alloys to meet 
each exact requirement. 


In addition, Mueller Brass Co. has 
complete and modern facilities for 
performing all types of finishing and 
sub-assembly operations. Another 
plus value is nation-wide sales engi- 
neering service. 


So, in the final analysis, no matter 
where you fit in the American indus- 
trial picture, whether you're making 
missiles or mowers...and no matter 
where you're located, it will pay you 
to LET MUELLER MAKE IT! 


MUELLER BRASS CO. 


PORT HURON 38, MICHIGAN 
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.. experi- | 
enced engineers with the ability to | 
work out, creatively, tough design | 





available are included. U. S. Engineer- 
ing Co., 13536 Saticoy St., Van Nuys, 
Calif. 
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STEPPING MOTOR 


Brochure 5-100, two pages, reviews 
Model 611 stepping motor which per- 
forms add or subtract functions. Speci- 
fications, performance curves and photo- 
graphs of the 9-deg-per-step unit are 
included. U. S. Science Corp., 5221 W. 
102 St., Los Angeles 45. 
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Manufacturer’s 
Publications 


For these selected publications on ma- 
terials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 
mentioning ELECTRO-TECHNOLOGY as your 
source. 


LIGHT METALS DATA 

Design data is on characteristics and 
properties of light metals, including 
magnesium, aluminum and titanium. 
Lists comparative values for various 
metals. Information presented in tabu- 
lar and graphic form in 44 pages. Send 
request on company letterhead to 
Brooks & Perkins, Inc., 1950 W. Fort 
St., Detroit 16, Mich. 


SPECTRUM-ANALYZER TECHNIQUES 
HANDBOOK 


Booklet offers detailed measurement 
techniques using spectrum analyzers, 
along with a history and general theory 
of operation of these instruments. A 
portion of the handbook describes and 
lists the specifications and applications 
of spectrum analyzers currently avail- 
able, including the company’s light- 
weight, transistorized, Model SA-84T. 
Copies are available on request to 
Polarad Electronics Corp., 43-20 34 
St., Long Island City 1, N. Y. 


TRANSISTOR-COOLING TEST REPORT 


Forty-eight page Test Report 172A 
gives junction and case temperatures 
and power dissipation for power trans- 
istors in a variety of natural- and 
forced-air environments. Evaluates an 
advanced dissipator design said to be 
twice as efficient as conventional fin 
dissipator of equal volume. Copies will 
be sent on request by writing [ERC 
Div., International Electronic Research 
Corp., 135 W. Magnolia Blvd., Bur- 
bank, Calif., mentioning ELectro-TEcu- 
NOLOGY as your source. 


NEW DOUBLE T 
INDUSTRIAL SOLENOID 


Delivers Greater Pull, 
Faster Cycling, 
Longer Life 


The new 831 series of industrial 
solenoids designed by Controls Com- 
pany, the world’s largest manufac- 
turer of laminated solenoids, will even 
out-perform many solenoids of larger 
size. Check these features: 


Double T plunger provides level 
pull characteristics with no power 
drop-off at 2/3 stroke. 


Epoxy encapsulated coil is imper- 
vious to water, oil, acid or alkalies. 


Hard chrome plated, beryllium 
copper core guides assure in- 
creased life. 


Heavy coat of epoxy paint on frame 
and core provides added protec- 
tion against environmental condi- 
tions. 


Universal mounting bracket per- 
mits mounting in any position. 


Plunger has reinforced linkage de- 
sign providing maximum bearing 
surface. 


To learn how you can have improved 
solenoid performance at lower cost, write 
for Industrial Solenoid Bulletin SL-33 
containing pull curves, specifications and 
performance facts. A 

complete line of com- 

mercial grade solenoids 

is also available. For in- 

formation, ask for Com- , 

mercial Solenoid Bulle a 

tin SL-23. 


CONTROLS COMPANY 
OF AMERICA 


APPLIANCE AND AUTOMOTIVE DIVISION 


9555 SORENG AVENUE 
SCHILLER PARK, ILLINOIS 
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New COMPONENTS and MATERIALS 


A staff compilation of the latest developments . . . 
in electrically operated end products . . 


tions and available application data. 


4PDT D-C RELAY 


Model JH-12 has contacts rated at 2 
amp non-inductive at 29 volts d-c or 
115 volts a-c. Hermetically-sealed unit 
operates at temperatures from —65 to 
+125 C. Initial contact resistance, 0.05 


ohm max. Shock, 50-g operational. 
Vibration, constant 20 g from 28 to 
2000 cps. Insulation resistance at +25 
C. 1000 megohms min. Operate time, 
10 millisec max. Release time, 8 milli- 
sec max. Available with plug-in, 
printed-circuit or hook-type solder 
terminals. Maximum weight, 1.4 oz. 
Allied Control Co., Inc., 2 East End 
Ave., New York 21. 
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SUBMINIATURE TOROIDAL 
INDUCTORS 


Series 91 inductors for v-h-f applica- 
tions and Series 92 for h-f applications 
have a volume of 0.004 cu-in., are 
vacuum encapsulated in epoxy resin 
and meet specifications of MIL-C- 
15305B, Grade-1, Class B (—55 to 
+125 C). Series 91 has frequency 
range from 25 to 150 mc, inductance 
range of from 0.01 to 1.0 zh; Q in the 
v-h-f range, 100 at 60 mc. Series 92 
has frequency range from 1 to 50 mc, 


inductance range from 0.1 to 30 ph 
and average Q of 70 to 80. Other 
features are low external magnetic 
field. maximum operating temperature 
of 125 C, overall dimensions of 0.2 x 
0.2 x 0.1 in. Vanguard Electronics Co., 
3384 Motor Ave., Los Angeles 34. 
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ELECTRIC CLUTCH-BRAKE 
DRIVE 

“Electro-Pack,” pre-aligned package 
for fractional-horsepower duty-cycle 
applications, can accomplish up to 
several hundred mache cycles per 
min when used with continuously run- 


ning power input. Consists of electric 
clutch and brake as a single package. 
Sizes are 10, 60 and 240 lb-in. (static 
torque) for maximum shaft speeds of 
10,000, 7500 and 500 rpm, respectively. 
Warner Electric Brake & Clutch Co., 
Beloit, Wis. 
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ADHESIVE-BACKED 
NAMEPLATES 


“Super/Cal” aluminum plates are avail- 
able with quick-release paper backing, 
water-release liner, solvent-activated 
and _ heat-activated adhesives. Special 
surface treatment provides corrosion- 
and abrasion-resistant coating. Alumi- 
num Nameplate Corp., 32-01 57 St., 
Woodside, L. I., N. Y. 
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PROTECTIVE SPLICE COVERS 


Polyvinyl-chloride covers are easily 
wrapped around spliced areas of cables 
and locked on by a plastic-zipper clos- 
ure. Closure lips may be permanently 


screened for design-in use 


. complete with all released specifica- 


fused together with a sealer. When 
ends are clamped or taped to cable, 
an effective moisture barrier is created. 
Special covers can be supplied. The 
Zippertubing Co., 13000 S. Broadway, 
Los Angeles 61. 
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MICROMINIATURE 
CONNECTOR BASE 


Series C base houses 130 contacts in 
an area 0.66 in. wide x 1.56 in. long. 
Maximum density of 250 contacts per 
sq in. Beryllium-copper contacts per- 
mit instant module removal or replace- 


ment. Contact spacing, 0.047-in. centers 
across width and 0.085-in. centers along 
length. Pin-diameter accommodation. 
0.018, 0.001. Airborn Connectors 
Div.. Airborn, Inc., Dept. C, 2618 
Manana Dr., Dallas 20, Texas. 
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PHOTOMULTIPLIER 


Type WX 4582, 34-in. tube, may be 
used under conditions of shock and 
vibration. Photocathode has an Sll 
spectral response, peaking at 4400 A. 
With 105 volts applied per stage, aver- 


ELECTRO-TECHNOLOGY 





Typical Application: 
150 me FIVE-STAGE DECIMAL COUNTER 


Write for APP-43 application paper giving more high speed circuit information 


SIMPLIFIED 
LOW COST 


NOTE 


A sistors 2N709 


LOGIC DIAGRAM All Resistors 5100 SCHEMATIC DIAGRAM 


SWITCHING 


CIRCUITS 


MADE POSSIBLE BY FAIRCHILD SILICON PLANAR 2N709 


PERFORMANCE CHARACTERISTICS THE 2N709: 


ELIMINATES NEED FOR NON-SATURATING AND/OR 
Typical propagation time of 2.5 nsec per stage. Combined turn-on and turn-off 
time of 5.0 nsec. Excellent gain-bandwidth (typically 800 mc) at high TUNNEL DIODE CIRCUITS 


currents and low voltages SOLVES DESIGN AND ASSEMBLY PROBLEMS FOR 
APPLICATIONS SUCH AS: 


© DIGITAL COMPUTER LOGIC CIRCUITS WITH BIT RATES OF 50 TO 100 mc 
FAIRCHILD PLANAR RELIABILITY © BINARY AND DECIMAL COUNTER AND DECODER CIRCUITS WITH BIT 


Reliability is inherent to the Fairchild Planar process because of the integral RATES OF 100 TO 300 mc 

oxide surface. All junctions are completely protected against contamination eee a 
from the start of manufacture, guaranteeing parameter stability and uniformity. 

INITIAL AND OVERALL SAVINGS 

The 2N709 is available NOW, at prices practical for the breadboard budget TO Oe A 
as well as quantity production. Additional savings result because UHF circuits “2 R 
can be designed with the 2N709 and require fewer component types as well 2 a M | te LJ N a LJ Gs co 


as a much smaller total number of components 6 wean ROAD, MOUNTAIN VIEW, CALIF. - YORKSHIRE 8-816] - TWX: MN VW CAL 853 


ON OF FAIRCHILD AMERA AND INSTRUMENT CORPORATION 
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e HERMETIC 
e TAPPED 
e STANDARD 


A simple solution to tuned circuit prob- 
lems for oscillators, equalizers, filters, etc. 
providing exceptionally wide inductance 
range with high Q in an extremely compact 
unit. These units are usable over a wide 
frequency range, and have high stability 
with temperature and voltage change. in- 
ductance range is +200%, —70% of 
mean value through adjustment screw on 
top of case. Units in this series have mean 
values ranging from .006 to 150 henries. 
Case size: 144"x254,"x 1%” high (including 
screw); weight: 2 ounces. Straight pin ter- 
minals for printed circuit application avail- 
able on special orders. 

TVC tapped inductors are identical to the 
HVC units, but provide taps at 30% and 
50% of total turns. 


IMMEDIATE DELIVERY £,°"; 


VIC 
Series 


Applications of the VIC units are the 
sam2 as the HVC series, but for commer- 
cia! use. Adjustment screw in side of case 
provides variable inductance values of 
+85%, —45% of mean value. Units in 
this series have mean values ranging from 
.0085 to 130 henries. 


Case size: 1'%,”x14%4"x 1,” high; weight: 


5% ounces. 


PIAL ETE 


th SFO ia 
eTales 


150 Varick Street, New York 13, N.Y 


aaa LED 
4008 W. Jefferson Bivd., Los Angeles 16, Calif 


EXPORT 


- 


Yew York lf i | 
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age anode sensitivity is 9 amp/lumen 
and cathode sensitivity is 50 pamp/- 
lumen. Dark current under these con- 
ditions is less than 0.01 pamp. West- 
inghouse Electronic Tube Div., Elmira, 
a as 
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POSITIVE INTERLOCK AND 
LOCK OUT SWITCH 


Series TP 8800 pushbutton switch has 
the following design features: actuates 
up to six contacts in a group; can be 
furnished with from one to ten sta- 


tions; when one button is engaged no 
other button can be engaged without 
simultaneously releasing previously en- 
gaged button; it is impossible to re- 
lease any button from an engaged posi- 
tion without actuating another position. 
Spacing between centers, 114 in. Re- 
quired depth behind panel, 3%4 in. 
Button size, 11/16-in. square. Contact 
ratings, 5 amp at 120 to 250 volts a-c 
or 30 volts d-c, 3 amp inductive, 5 amp 
resistive. American Monarch Corp., 
2801 37 Ave. N. E., Minneapolis 18. 
Minn. 
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MINIATURE SOLID-STATE 
CHOPPER 


Model SW-103, capable of operating 
from d-c to 10 ke and requiring no 
external circuits or adjustments to al- 
ternately connect and disconnect a load 


from signal source, has a noise level 
below 50 pvolts rms at 1 kc. Switching 
transient below 4 mv. Dwell time less 
than 10 deg at 1 kc. Continuous opera- 
tion at +125 C. Average operating 
life of 10,000 hr. Completely welded 
and encapsulated construction. Size: 


0.95 x 0.75 x 0.68 in.; weight: less than 
9 gm. Alpha-Tronics Corp., 1033 En- 
gracia, Torrance, Calif. 
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GOLD-TIN EUTECTIC 


Precision preforms from a_ gold-tin 
eutectic are for electrode attachments 
in manufacturing semiconductor de- 
vices. Designated “Acculoy 280C,” it is 
Au80-Sn20 alloy with atomically inter- 
spersed elements. With a 280 C melting 
point, it wets and forms alloys with 
other metals and alloys. Properties in- 
clude excellent corrosion and _ etch 
resistance, high electrical conductivity, 
and excellent ohmic contact. Supplied 
in squares, rectangles, disks and wash- 
ers to 1.5-in. diam. Accurate Specialties 
Co., Inc., 345 Lodi St., Hackensack. 
Ne 3; 
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SOLID-STATE 
VOLTAGE COMPARATOR 


Model VC670 continuously compares 
a random signal with an external refer- 
ence voltage and provides a fail-safe 
alarm when the signal value exceeds 
the external reference limit. Two sets 


of contacts indicate Go or NO-GO con- 
dition of signal voltage. Input im- 
pedance, 2 megohms between signal 
and reference leads. Sensitivity, 5 milli- 
volts. Signal overvoltage protection, 
+80 volts. Power: 115 volts, 400 cps, 
2 watts. Operating temperature, +30 to 
+130 F. Vibration, 5 g to 300 cps. 
Shock, 30-g peak, 11-millisec duration. 
Verco, Inc., 1430 130 St. N. E., Belle- 
vue, Wash. 
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DUAL PRESSURE SWITCH 


A dual switch for applications requir- 
ing two SPDT, NC operations are 
separately actuated as two switches in 
one. Actuation pressure range is 1.0 
to 10.0 in. Hg, with calibration accu- 
racy of 0.05 in. Hg. Contacts are rated 
at 3 amp inductive, 28 volis d-c. The 
unit measures 244 x 2144 x 2'4 in, 
weight is 12 oz. Switches conform to 
MIL-S-8805, Class A-8; lead wires per 
MIL-W-16878, Type E; length as re- 
quired. Life is rated at 100,000 cycles; 

(Continued on page 181) 
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BASIC INSULATION BEHAVIOR 

lonic Conduction in Insulation — A. H 
Sharbaugh, General Elec. Co 

Polar Polymers 
Bur. Stds 

Dielectric Behavior of Glasses and Ce 
ramics—Willis Barney, Corning Glass Co 


Breakdown — W. L. Gore, W. L. Gore 


Associates 

Corona Discharges and Their Effects on 
insulation 
Elec. Corp 


TEMPERATURE CLASSIFICATION 
AND THERMAL ENDURANCE 
Fundamental Aspects for Temperature 
Classification and Thermal Endurance 
G. L. Moses, Westinghouse Elec. Corp. 
Thermal Evaluation Test Procedures for 
Materials —J.F. Dexter, Dow Corning 

Corp 

Insulation System Evaluation for Rotating 
Machines — J. C. Botts, Westinghouse 
Elec. Corp., East Pittsburgh, Pa 

Transformer insulation System Evaluation 

F. J. Vogel & W. Farneth, Allis 

Chalmers Mfg. Co 

Users Viewpoint Concerning Thermal 
Evaluation & Temperature Class —H 
Halperin, Commonwealth Edison Co 


AGING TECHNIQUES 

End User Comments — Vern Honsinger 
Allis-Chaimers Manufacturing Co., Nor- 
wood, Ohic 

Progressive Temperature Test —-A New 
Approach for Screening Insul. Syst 
G. |. Duncan, General Electric Co 

The Significance of Oxygen Permeability of 
Electrical Insulation Systems in Deter- 
mining Thermal Endurance—J. T. Wilson 
& E. Mohaupt, Harnischfeger Corp 

Thermal Aging Studies of Solenoid Coil 
insulation Systems—H. P. Walker 
Bureau of Ships, Navy Dept. & R. J 
Flaherty, U. S. Naval Engrg. Experiment 
Station 

A Method for Heat Aging and Evaluating 
Thermal Endurance of Coated Sleeving 
-H. G. Steffens, Natvar Corp 
Discussion of the Application of Regres- 
sion Analysis to Thermal Eval T. Or- 
beck, Westinghouse Elec. Corp 


INSULATION RESISTANCE 
MEASUREMENTS 
introductory Remarks—A. H 
National Bur. Stds 
instrumentation for 
Measurements 
Arsenal 
Electrodes for 
Measurements 
Arsenal. 


MONDAY — FEBRUARY 19 


Scott 


A. Blanck, Picatinny 


Insulation 
A. Blanck 


TUESDAY — FEBRUARY 20 


WEDNESDAY — FEBRUARY 21 


THURSDAY — FEBRUARY 22 


J. D. Hoffman, National 


T. W. Dakin, Westinghouse 


Insulation Resistance 


Resistance 
Picatinny 


Insulation Resistance 
K. Wechsler, Westing- 


Conditioning for 
Measurements 
house Elect. Corp 

Interpretation & Significance of Insulation 
Resistance Measurements —C. Craig, 
Sperry Gyroscope Co 

The Field Testing of Electrical Insulation 
by D-C Methods — E. B. Curdts, James 
G. Biddle Co 


INTERNATIONAL INSULATION 
TECHNOLOGY 

Keynote — K. N. Mathes, General Elec- 
tric Co. 

The Importance of British Standards in the 
Appl. of Elect. Insulation —W. H 
Devenish, Electrical Research Associa- 
tion Laboratory, Leatherhead, England 


Mica Paper and Its Application in Europe 
Dr. P. Bayard, ACEC, Charleroi, Belgium 


Development of Electrical Insulation for 
Large Rotating Machines in Japan —S 
Hyakutake, Toshiba, Yokahama, Japan. 


The Use of Polystyrene Film in Power 
Capacitors — C. Bozzini & Dr. P. Bayard, 
ACEC, Charleroi, Belgium. 


DRY TYPE TRANSFORMERS 


Keynote — G. A. Monito, Westinghouse 
Electric Corp 


Survey of Past, Present and Proposed 
Materials and Insulation Systems for Dry 
Type Transformers —J. F. Dexter & 
L. A. Teichthesen, Dow Corning. 


Improved Asbestos-reinforced Laminates 
C. L. Rohn & N. Edgerton, Johns- 
Manville Products 


Heat & Moisture Resistant Resins for 
Varnishes & Molding Materials —J. L 
Thomas, Food Machinery & Chemical 
Corp. 


THE FUTURE OF SWITCHGEAR 
INSULATION 
Keynote —W. H. Lane, Allis-Chalmers 
Mfg. Co 
The Importance of Low Dissipation Factor 
Track Resistant Insulation in Switchgear 
L. L. Mankoff, General Electric Co 
Dippable Insulation Systems for Switch- 
gear —W. C. Hosford & C. Fazekas, 
Metal & Thermit Corp. 
Insulation for Structural Use in Switchgear 
G. F. Fratto, Glastic Corp 


ENCAPSULATED DISTRIBUTION 
TRANSFORMERS 

Keynote — W. A. McMorris, General Elec 
Co 

End User Comments 
W. Mass. Elec. Co 

Epoxy Resins for Encapsulated Trans- 
formers—F. E. Pschorr & J. R. Weschler, 
Ciba Prod. Corp 

HT-1 A New High Temperature Electrical 
insulation — W. R. Clay, E. |. duPont 
deNemours & Co 


W. A. Whittlesey 


Last Name 


Title 


Company 


Address 


| will attend: 


| am interested in: 


the complete conference 


INTEGRAL HP MOTORS— 
HIGH TEMPERATURE 
PERFORMANCE 
Keynote—High Temperature Performance 
W. B. Penn, General Electric Co. 


An Evaluation of Insulation Systems Based 
on Polymer “ML” — F. E. Schweitzer, J. 
R. Chalmers, D. M. Glenn, M. Greif, E. |. 
duPont deNemours & Co. 


Insulation Evaluation Techniques for 
Motors Used on Heavy Duty Portable 
Tools —D. N. Summerfield & A. F. 
Gawron, Skil Corp. 

High Temperature Magnet Wires and Their 
Application in Rotating Equip. — W. W. 
Pendleton, Donald Devries, Anaconda 
Wire & Cable Co. 


Evaluation of Traction Motor Field Coil 
Insulation Systems —C. W. Paxton & 
J. F. Dexter, Dow Corning Corp. 


ENCAPSULATED MOTORS 


Keynote — Encapsulated Motors — W. G 
Stiffler, Reliance Elec. & Engr. Co. 


End User Comments —W. D. Cox, Dow 
Chemical Corp. 


Systems Evaluation of Epoxy Molded Coils 
J. A. Foerster, Wabash Magnetics, Inc. 


New Insulation System for D-C Field Coils 
W. B. Penn & R. F. Sharrow, General 
Elec. Co. 


Performance of Encapsulated Random 
Wound Induction Coils —C. W. Paxton 
& W. A. Pauwels, Dow Corning Corp. 


A Study of Dip Encapsulated Motorettes 

Under Various Environmental Conditions 

Leizor Balk & Francis Alessi, Sterling 
Varnish Co 


FRACTIONAL HORSEPOWER 
MOTORS 


Keynote — Fractional Horsepower Motors 
W. T. Gordon, Westinghouse Elec 
Corp 
Formulating, Testing & Applying Varnish 
for High Speed Armatures —J. P. 
Haughney, Sherwin Williams Co. 
Synthetic Fiber Insulating Papers for Class 
B & F Systems — G.R. Traut, R.C. Berry, 
N. L. Greenman, Rogers Corporation. 
Integral Insulation of F. H. P. Motors 
Milton V. DeJean, General Electric Co. 
Fluidized Bed Application of Epoxy Resin 
Insulation to Rotating Electrical Ma- 
chinery — D.L. Slater, Armstrong Resin, 
Inc. 
SERVICING & MAINTENANCE 
OF ROTATING MACHINERY 
Keynote — The Modern Repair Shop 
T. C. Keegan, Jr., Federal Insulation Co 
An Approach to the Maintenance of Ade- 
quate Resistance Levels on DC Mach 
C. M. Thorp., Westinghouse Elec. Corp 
Insulation Systems in Heavy Duty Elec- 
trical Equipment — J. A. Bell & J. Logan, 
General Motors Corp. 


TOUR OF FORT BELVOIR 


Magnet Wire Windability —E. W. Das- 
zewski, Essex Wire Corp. 


RESINS FOR ELECTRONIC 
PACKAGING 
New Developments in Trends & Resins for 
Electronic Packaging — M. M. Lee, Lee- 
poxy Plastics. 


A Flexible Silicone Resin for Embedding 
Electronic Circuitry — D. F. Christensen, 
M.E. Nelson, & R. L. Spraetz, Dow Corn- 
ing Corporation. 

Effect of Flame Retardent Modifiers on 
Low Loss Epoxy Resin System for Use at 
160°C.— F. T. Parr, Westinghouse Elec- 
tric Corp. 


Improved Thermal Shock Resistance of 
Epoxies. Advances in Epoxidized Poly- 
olefins for Electronic Packaging Applica- 
tions — C. W. Johnston, Food Machinery 
& Chemical Corp. 


Evaluating Flexible Epoxy Systems — C. 
Cialdella, Hysol Corporation. 


Epoxy Resins in High Voltage Applications 
-E. N. Dorman, Ciba Products Corp. 


ENCAPSULATED MAGNETIC 
COMPONENTS 
The State of the Encapsulated Transformer 
R. B. Feuchtbaum, Hughes Aircraft 
Co., Culver City, Cal. 

Silicone Electronic Packaging Materials 
R. L. Spraetz & D. F. Christensen, Dow 
Corning, Midland, Mich. 

Resilient Epoxies Applied to Magnetic 
Components — J. Delmonte, Furance 
Plastics, Inc. 

The Dielectric Strength of Epoxy Em- 
bedding Compounds —C. C. Scheid, 
General Electric Co. 

The Role of the Resin Formulator in Mag- 
netic Component Manufacture—P. Van 
Amburgh, EVRA, Inc. 


BATTERY — SEPARATOR SESSION 
Keynote — H. P. Gregor, Polytechnic In- 
stitute of Brooklyn, New York 


End User Comments —H. Zahn, Gould- 
Nat’! Batteries, Inc. 


Structure & Properties of Storage 
Battery Separators — J. A. Orsino, E. J. 
Dunn, Jr. & W. J. Bundy, National Lead 
Company, Research Laboratories. 


lon Exchange Membranes for Fuel Cells 
E. Oster, General Electric Company, 


ELECTROLYTIC CAPACITORS 


New Thin Film Capacitors—R. C. Sprague, 
Sprague Electric Co. 


Government Specifications on Capacitors 
A. B. Pratt, U. S. Signal Corp. 


Thin Film Dielectrics —F. S. Maddocks, 
IBM, Fed. System Div., Com. Cont. Ctr. 


Electrolytic Capacitors — Otto Weed, Ka- 
wecki Chemical Corporation 


Initial 


the exhibits only 


| TOUR OF NAVAL ORDNANCE LABORATORY 


TOUR OF GODDARDS SPACE LABORATORY 


If you are interested in the tours, we must know: 


1. Citizen of 


2. Birth Date 


3. Place of Birth 


REMEMBER, GOVERNMENT CLEARANCES FOR THE TOURS REQUIRE SIX WEEKS. 
THIS CARD MUST BE MAILED ON OR BEFORE JANUARY 5, 1962. 





temperature range is —65 to +165 F. 
Assembly Engineers, Inc., 3640 Hol- 
drege Ave., Los Angeles. 

Circle 512 on Inquiry Card 


PLASTIC-INSULATED WIRE 


“Turbotemp Teflon FEP/Nylon” is a 
tin-coated, solid-copper hook-up wire 
insulated with fluorinated ethylene 
propylene and jacketed with nylon. 
Suitable for continuous operation over 
temperature range of —55 to +120 C 
at 300 volts rms. Available in con- 
tinuous lengths up to 6000 ft with solid- 
color primary insulation and clear 
nylon jacket or natural-color primary 
insulation and pigmented nylon jacket. 
Brand-Rex Div., American Enka Corp., 
31 Sudbury Rd., Concord, Mass. 


Circle 513 on Inquiry Card 
LINEAR ACCELEROMETERS 


Linear accelerometers AHIL and 
AH2L utilize photo-resistive principle 
to produce 5 volts or +2.5 volts out- 
put with 10 volts d-c excitation. Ac- 
celerometers withstand overload of 500 


per cent of rated range, have operating 
temperature range of —65 to +250 F. 
Photo-resistive principle provides maxi- 
mum reliability and high output 
through the use of solid-state materials. 
Light source meets military specifica- 
tions, has more than 60,000-hr rated 
life. Data Sensors, Inc., 13112 Cren- 
shaw Blvd., Gardena, Calif. 


Circle 514 on Inquiry Card 
MINIATURE RESISTORS 


Metal-film resistors rated at 14 and 14 
watt range from 25 to 500 k ohms. 
Tolerances of +1, +, 
per cent. Voltage ratings are 250 and 
300 volts, 
coefficient, +25, 50 or 100 ppm/deg C. 


Unaffected by low temperatures and | 


+2 and +5 | 


respectively. Temperature | 








resistant to temperature cycling be- | 


€Circle 190 on Inquiry Card 


SAVE !/4 INCH 

WITH THIS NEW 
TINIEST 

GENERAL ELECTRIC 
GLOW LAMP 


Here’s an indicator light that’s only two-thirds the size 
of G-E glow lamps formerly available. Yet it lasts as long 
and has equal brightness. It’s available as a high bright- 
ness lamp (AIC) and a siandard brightness lamp (A1B). 


This new General Electric glow lamp packs 5 mm 
electrodes into an M.O.L. of 14’’. Its maximum diameter 
is .244’’. It operates on standard line voltage, and because 
it uses a higher value resistor than a conventional glow 
lamp, it runs on half the current. This 14” long lamp, 
therefore, has a reduced total light output but because 
its brightness is not reduced, it is just as effective an 
indicator as other glow lamps in most applications. 


You can get this new glow lamp for less than 5¢ each 
in lots of 25,000. (Slightly more with a resistor attached.) 


For complete information write: General Electric Co., 
Miniature Lamp Dept. M-151, Nela Park, Cleveland 12, 
Ohio. Ask for Bulletin No. 3-1504. 


Progress /s Our Most Important Product 


GENERAL @@) ELECTRIC 


Circle 191 on Inquiry Card 





the difference 
is the latching 


SINGLE COIL 
LATCHING RELAY 
type 48 


TELEX /AEMCO 


Mankato, Minnesota 


Here’s a relay with latching so positive 
that this single patented feature makes 
it the most sought of all . . . far greater 
dependability is achieved chan with or- 
dinary cam or ratchet actions. 


Provides dependable remote control with 
safe, low voltage inter-connections in both 
DC and AC circuits. So useful in control 
of pumps, motors, garage doors, etc. 


Contact forms to double pole double 
throw at ten amperes; or to four pole 
double throw at two amperes. Coil volt- 
ages available for any application. 


Write for complete description. Request 
product bulletin A48GC. 


A new and complete catalog of 
TELEX/AEMCO relay and timer 
products is now ready for you. Write 
today on your letter-head for your 
free copy. 

Your inquiry about special relay 
requirements is invited. TELEX/ 
AEMCO specializes in design and 
production of special relay types. 

Send us your specifications for 
prompt and courteous attention. 


Circle 192 on Inquiry Card 





WISCONSIN 


* 
5, 


> PORCELAIN CO. 
HAS THE CAPACITY... 


to assure you on time delivery of ceramics 
in any quantity! 





A few hundred ceramic parts or several 
million—it makes no difference— 
Wisconsin Porcelain will deliver your 
order on time. And each component 
will meet your exact specifications for 
toughness, accuracy and uniformity. 


To do this takes plant capacity, 
engineering capacity and work capacity. 
You'll find all three at Wisconsin 
Porcelain. 


Our completely modern plant, with 
many types of kilns, operates 24 hours 
a day, 7 daysa week, 52 weeks a year. 
aagert engineering assistance, solidly 


based on over 40 years’ experience, is 

yours for the asking to help you select 

aan refractory, steatite or filter 
dies suited to your needs. 

TELL US YOUR REQUIRE- 
MENTS. We will work with you, make 
material and design recommendations 
to solve your ceramic parts problem. 


Serving the Electrical and Electronic 
Industries since 1919. 
WISCONSIN PORCELAIN CO. 
115 Market Street . Sun Prairie, Wisconsin 
In the Chicago Industrial Area. 


Circle 193 on Inquiry Card 


tween —55 and +150 C. American 
Components, Inc., 8th Ave. and Harry 

, Conshohocken, Pa. 
Circle 515 on Inquiry Card 


ALUMINUM-FOIL TRIM 


Pressure-sensitive backed foil, for use 
as decorative trim, simulates the color 
and grain of wood. Grain is etched into 
anodized foil. Anodyne, Inc., 1270 N. 
W. 165 St., North Miami Beach 69, 
Fla. 

Circle 516 on Inquiry Card 


MULTI-SPEED 
DIRECT-COUPLED GEAR 
REDUCER 


Units designed to change speeds on 
command while rotating are available 
from stock in the following input-out- 


put ratios: 1, 24%, 5, 10, 25 and 50. 
Torque capacity of output gears, 65 to 
1150 oz-in. Analog General Corp., 7-11 
Main St., East Rockaway, L. I., N. Y. 


Circle 517 on Inquiry Card 


DIGITAL SERIAL MEMORY 


Acoustic delay model SM-40, with pulse 
delays ranging from 20 psec at oper- 
ating frequencies of 8 to 16 mc, pro- 
vides storage at a rate as high as 1600 
bits per sec. Contains all necessary 
input-output logic. Uses glass delay 
line with temperature coefficient of al- 


ELECTRO-TECHNOLOGY 











va 
BRISTOL SERIES 6100 
Ua | 
ae) 


FF reenact Naor 


7 TYPES OF LOAD CIRCUIT OPERATION 
ALL IN A SINGLE UNIT 


Bristol’s new Series 6100 gives you easy Contact the Bristol Distributor or Repre- 
application with exclusive flexibility. No sentative in your area. 
more complex wiring changes! Makecircuit SEND FOR HANDY TIMING 


changes in a jiffy, too. You can reach the CONTROL PRODUCT DIGEST 
—complete range of Bristol 


motor, and other parts—in seconds. The yotors Timers and Timing De- 
new “Bristol-Vision” dial is mounted in a_ vices for all your timing and 
square die-cast frame—provides better con- control applications. 
trast for better viewing plus functional 
“ 4 LEADING SPECIALISTS IN 
beauty too. Non-scratch bevelled glass dial _ €oac AND DC MOTORS 
cover won’t buckle, deform—seals against ,. | —from standard to 
t special configura- 
dust. Powered by famous duty-matched tions Soumpes to your 
° ° s . 
standard Bristol motor. Write for brochure. tal 


BRISTOL ®) MOTORS Division of Vocaline Company of America, Inc. / Old Saybrook, Conn. 
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YOU CAN ALWAYS 


RELY 
on GI 


AC MOTORS 
TIME-TESTED, 


proven dependability 
at lowest cost! 


Standard Line 

AC Induction 
Motors from 
1/1800 to 1/35 H.P. 


Two and four pole, 
shaded pole motors 
backed by over 40 
years of experience in 
producing millions of 
motors for large and 
small users throughout 
the world. 


General Industries’ mod- 
ern facilities and 
“Know-How” make it 
possible to offer a com- 
bination of quality and 
economy unexcelled 
anywhere in the small 
motor field. 


See Our Catalog in 
SWEETS 


7a-Gen 


or write for copy 


P Quantity Price Quotation 
On Request 


DEPARTMENT GL * ELYRIA, OHIO 
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most zero. Power requirements, +12 
volts at 60 ma, —4 volts at 100 ma, 
—1l2 volts at 120 ma. Dissipation, 2.6 
watts. No cooling required when oper- 
ated in free air up to 35 C. Size, 4.x 3 
x 1 in. Computer Control Co., Inc., 983 
Concord St., Framingham, Mass. 

Circle 518 on Inquiry Card 


MICRO-MIDGET CHOPPER 


Model 46 electromechanical contact 
modulator features maximum noise 
level of 0.65 pvolt rms at 400 cps, 100- 
ohm load. Volume, % cu in. Weight, 


201% gm. Dwell-time rating, 150 to 185 
deg referred to sinusoidal reference 
wave with phase angle of 65 deg. 
Airpax Electronics Inc., Cambridge, 
Md. 

Circle 519 on Inquiry Card 


CLUTCHED SYNCHRO 


A Size 10 package containing an elec- 
tromagnetic clutch spring-return mech- 
anism and a synchro is for computer 
applications. The return mechanism is 
set to +1 min of electrical zero of the 
synchro and repeats position to within 
+1 min. Synchro can be rotated 
through 360 deg. Units also offer poten- 
tiometer and commutator switches. 
Astrodyne Inc., 121 Clinton Rd., Cald- 
well, N. J. 

Circle 520 on Inquiry Card 


RELAYS AND CONTACTORS 


Units for use in electric heating and 
lighting have contacts rated at 30 amp, 
250 volts a-c and may be applied con- 
tinuously up to their full rating, open 
or enclosed, with small temperature 
rises. Multi-pole versions included. 

(Continued on page 186) 





RCA 
SILICON POWER 
TRANSISTORS 


"STOP" 


CALL YOUR 
RCA SEMICONDUCTOR 
DISTRIBUTOR 


For a comprehensive line of superior- 
quality RCA Transistors and Silicon 
Rectifiers, and all RCA Semiconductors 
for special projects or pre-production 
requirements...call your RCA Semicon- 
ductor Distributor. Just check the 
extra advantages he offers you: 


yw Fast delivery from local stock 

y« Prompt delivery of the latest RCA 
types for your evaluation 

y Orders filled from factory-fresh 
stock 

ys Up-to-date, practical product infor- 
mation 

ys Valuable RCA technical assistance 
when you need it 

yw “One-stop” service on your orders 

w Specialists who understand your 
problems and your electronic needs. 

Remember, when you want fast delivery, 

reliable service, always check first with 

your local RCA Semiconductor Distrib- 

utor. For the name and address of your 

nearest RCA Semiconductor Distribu- 

tor, write RCA, Distributor Products 

Sales, Harrison, N. J. 
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ROA ANNOUNCES 


‘ New High-Voltage Silicon Rectifiers 


covering the full range 


from 1,200 to 10,000 PIV 


10 RCA Diffused-J un¢tion rectifiers: with integral voltage-equalizing networks 
offer outputs up to.825 ma DC for military and industrial applications 


Here’s important new flexibility for your critical high-voltage rectifier HALF-WAVE RECTIFIER SERVICE 
applications—RCA’s broad line of encapsulated, insulated multi-cell Absolute-Maximum Ratings for Supply Frequency of 60 eps, 
rectifiers. Check the benefits these rectifiers can bring to your designs: Single-Phase THE and with Resistive or Inductive Load. 


e Integral voltage equalization—Resistor-capacitor equalization lela a eae |e LE 
network across each internal rectifier cell equalizes voltage dis- 
tribution under both transient and steady-state conditions. Peak inverse Volts... i 4000 
Ratings you can use with confidence—RCA rectifiers are designed ee ees sss a0 a ras [am fo fo [i [so os a 
to provide top performance at maximum published ratings. Con- rrnnee—nonns -_ ++ _| 1200 ae | 3000 | 4000 | S000 | 6000 | 7000 | ao00 | s000 | 10000 
servative RCA ratings provide built-in safety factor. “Sica. - sos | 50] $80] 550] sso) ‘nas 
High output current: At 100°C ambient temperature . | 320] 235 | 235] 210{ 210] 210] 210] 210 | 


—550 to 825 ma at 60°C. Single-phase, half-wave circuit. Peak Recurrent Amperes 
—Up to 2.2 amps.—6 rectifiers in 3-phase full-wave bridge Peak Surge Amperes: 


° ° (One-half cycle, sine wave) . . —_—_—— a 
circuit. Ambient Temperat: R 
. : . Li rature Range: 
—Up to 1.65 amps.—4 rectifiers in single-phase full-wave Operating ond terage’ 
bridge circuit. 


High efficiency and excellent regulation—Each diffused-junction 
cell has only 0.6-volt maximum voltage drop (full cycle average). 


Wide operating and storage temperature range. —65°C to +125°C. 
Compact Size—2%3% to 51% cubic inches. 








@ “CR’-Series types may be used in series up to 20,000 PIV without 
added voltage equalization. 


Custom designs are available for higher voitages, higher temperature, 
oil submersion, special packaging requirements. 

Unique case design—allows rugged mounting; provides extra long Call your RCA REPRESENTATIVE today for full particulars on these 10 
corona path for added safety. new rectifiers. For additional technical information, write RCA Semi- 
Designed to meet military mechanical and environmental test conductor and Materials Division, Commercial Engineering, Section 
specifications. L-54-NN, Somerville, N. J. 


~ ‘4 The Most Trusted Name in Electronics 


AVARABLE THROUGH RADIO CORPORATION OF AMERICA 
YOUR RCA DISTRIBUTOR PY 
® 


RCA FIELD OFFICES...EAST: Nework, N. J., 744 Brood St., HUmboldt 5-3900 * (Comden, N. J. area) Eriton, N. J., 605 Morlton Pike, HAzel 8-4802 * Syracuse, N. Y., 731 James St., Room 402, GRanite 4-5591 ¢ 
Baltimore, Md., ENterprise 9-1850 * NORTHEAST: Needham Heights 94, Mass., 64 “A” St., Hilicrest 4-7200 * SOUTHEAST: Orlando, Fia., 1520 Edgewater Drive, Suite #1, GArden 4-4768 © EAST CENTRAL: 
Detroit 2, Mich., 714 New Center Bidg., TRinity 5-5600 * CENTRAL: Chicago, Ili., Suite 1154, Merchandise Mort Plaza, WHitehall 4-2900 * Minneapolis, Minn., 5805 Excelsior Bivd., WEst 9-0676 © WEST: Los 
Angeles 54, Colif., Box 54074, RAymond 3-836! © (San Francisco area) Burlingame, Colif., 1838 El Camino Real, OXford 7-1620 * SOUTHWEST: Dallas 7, Texas, 7905 Carpenter Freeway, Fleetwood 7-8167 + 
GOVT: Dayton, Ohio, 224 N. Wilkinson S?., BA 6-2366 * Washington, D. C., 1725 “K” &1., N.W., FEderal 7-8500. 





THESE ARE SPRAGUE’S TWO OUTSTANDING 
HIGH-TEMPERATURE MAGNET WIRES 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up 10 200°C 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up 10 250°C 


CERAMIC SINGLE-SILICONE 


CERAMIC SINGLE-TEFLON 


CERAMIC MEAVY-TEFLON 


ENLARGED CROSS-SECTIONS OF CEROC® COPPER MAGNET WIRE 


Sprague offers you a choice of 2 
truly high temperature magnet 
wires: For continuous operation 
at hottest spot temperatures up 
to 200°C (392°F) and up to 
250°C (482°F) for short periods 
of time—depend upon TETROC 
—an all Teflon-insulated wire 
available in both single and 
heavy coatings. 

CEROC is Sprague’s recommen- 
dation for continuous operation 


eee OE 


SPRAGUE ELECTRIC COMPANY 


307 MARSHALL STREET, NORTH ADAMS, MASS. 


at hottest spot temperatures up to 
250°C (482°F) and up to 300°C 
(572°F) for short periods of time. 
Ceroc has a flexible ceramic base 
insulation with either single sili- 
cone or single or heavy Teflon 
overlays. The ceramic base stops 
“cut-through” sometimes found in 
windings of all-fluorocarbon wire. 
Both Tetroc and Ceroc magnet 
wires provide extremely high 
space factors.% *« * * * 


FOR COMPLETE DATA 
WRITE FOR ENGINEERING 
BULLETIN 405 (TETROC 
WIRES) 400A (CEROC 
WIRES). 


SPRAGUE 


THE MARK OF RELIABILITY 


Circle 196 on Inquiry Card 





Automatic Switch Co., Florham Park, 
N. J. 
Circle 521 on Inquiry Cara 


CONSTANT-CURRENT 
REGULATOR 


“Currector” is a solid-state two-term- 
inal device available in fixed current 
ratings from 1 to 10 ma in 10 per cent 


Vote 


increments. Standard current tolerance 
is +5 per cent. Admittances as low 
as 1 pohm. Polarized and non-polarized 
versions offered. High incremental-to- 
static resistance ratio. Circuitdyne 
Corp., P. O. Box 96, Laguna Beach, 
Calif. 


Lune 


Circle 522 on Inquiry Card 


D-C SINE-WAVE INVERTER 
Model K-33, hermetically sealed, 100- 


va static inverter is for driving three- 
phase a-c motors, a-c gyros and mag- 
netic amplifiers from a 28-volt d-c 


source. Features complete absence of 
radio noise. Tested for compliance with 
MIL-E-7894 ASG. Output contains 
only 2 per cent total harmonic distor- 
tion. Hermetically sealed and potted to 
meet MIL-E-5272C ASG, including vi- 
bration, heat and moisture. Size, 4 x 
734 x 21% in. Arnold Magnetics Corp., 
6050 W. Jefferson Blvd., Los Angeles 16. 

Circle 523 on Inquiry Card 


MINIATURE PRE-AMPLIFIERS 


Low-level devices include bolt-down 
units in an epoxy-potted assembly. 
Model 104 (illustrated) is used to 
amplify signals of 1 picowatt with a 
power gain of 333,000 in a single stage. 
Repeatability at a specific environment 
is equivalent to 5 microvolts referred 
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Broad and deep 


To benefit you, an electronic parts distributor must offer both 


variety and volume capacity. Amphenol Industrial Distributors in 


seventy key locations offer variety because Amphenol lines are 


amazingly complete. They achieve volume capacity by knowing 


from long experience which lines and styles must be stocked in 


depth. Here are just three examples: 


Min-Rac 17® line 

Have you heard about the new 
movement to stamp out close-quarter 
soldering? It’s being spearheaded 
by Amphenol Min-Rac 17 connectors, 
the only miniature rack and panel 
connectors with Poke-Home® con- 
tacts. This money-saving feature per- 
mits you to do your soldering (or 
crimping) before the connector is fi- 
nally assembled. It means you no 
longer have to hire midgets to wire 
50 contacts in a connector not much 
larger than an air-mail stamp. Your 


AID (Amphenol Industrial Distribu- 
tor) carries shelf stock of these in- 
genious components. 


RF Connectors, too 


With the combining of the Am- 
phenol and ipc lines, your local AID 


is now able to offer a line of RF 
connectors that is unequalled for 


emia ieee a 
TAKING STOCK 
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depth and completeness. Your AID 
stocks just about every type of RF 
connector and can make them in- 
stantly available to you. 

Same-day delivery is not at all un- 
usual. Amphenol Industrial Distrib- 
utors can provide this service by 
maintaining broad stocks locally, and 
by knowing which particular styles 
must be stocked in depth because of 
their popularity. 


Borg Pots and Dials 


Micropot® and Microdial® are two 
names you'll be hearing about more 
frequently. They designate two high 


2¢e0 BS 


quality product lines now being 
stocked by many Amphenol Indus- 
trial Distributors. Micropots—or 
Borg precision potentiometers to be 
more formal—are known for their 
accuracy and reliability. Borg Micro- 
dials, in direct-reading digital or con- 
centric scale types, are sister-com- 
ponents to Borg Micropots, and are 
also used for control of many other 
shaft-operated devices. 


For More Information... 


just check a box and drop me a line. 

C] Min-Rac 17 
Brochure 

CT RF Connector 
(Catalog IEC-4) 

C) Borg Short 
Form Catalog 

[] List of AIDs 
(Amphenol Industrial 
Distributors) 


Vice-President-Sales 
Amphenol Distributor Division, Broadview, Illinois 


R. F. Meinicke, 


Distributor Division / Amphenol-Borg Electronics Corporation 


DECEMBER 1961 
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HELPFUL DATA FOR YOUR 
CIRCUITRY IDEA FILE 


The circuit drawing below indicates just one 
of the hundreds of ways many manufac- 
turers utilize Micropositioner® polarized 
relays to solve complex control problems. 


BATTERY REVERSE CURRENT DETECTOR 


Among the many applications for the 
Barber-Colman Micropositioner in the 
railroad and industrial fields is that of 
reverse current protection between the 
generator and battery on diesel loco- 
motives and industrial trucks. In the 
circuit illustrated, the Micropositioner, 
P,, is energized when the generator 
voltage exceeds the battery voltage by 
approximately one-half volt. A second- 
ary relay, R, connects the generator to 
the battery and simultaneously ener- 
gizes an auxiliary coil, P2, on the Micro- 
positioner which aids the main coil in 
holding the contact closed until a pre- 
determined amount of reverse current 
is flowing from the battery. The point 
of drop-out is controlled by the variable 
resistor in series with the auxiliary coil. 
This system offers accurate control of 
the points at which the generator is 
connected and disconnected from the 
battery, thereby eliminating unneces- 
sary discharging of the battery or hunt- 
ing between generator and battery 
control. 


BARBER-COLMAN 
MICROPOSITIONER® 
POLARIZED D-C RELAYS 


Operate on input 
power as low as 40 
microwatts. Avail- 
able in three types 
of adjustment: null 
seeking . .. magnetic 
latching “memory” 
.-.and form C break- 
make transfer. Also 
transistorized types with built-in preampli- 
fier. Write for new quick reference file. 


BARBER-COLMAN COMPANY 
DEPT. x, 1803 ROCK STREET, ROCKFORD, ILLINOIS 
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to the input with gain accuracy better 

than 2 per cent. Acromag, Inc., 22515 

Telegraph Rd., Southfield, Mich. 
Circle 524 on Inquiry Card 


TRIMMER CAPACITORS 


A line of piston trimmer capacitors is 
for vertical mounting on_printed-cir- 
cuit boards. Mounting reduces space 
needed for manipulating trimming tools. 


Units meet requirements of MIL-C- 
14409A; linear tuning is featured. 
Available to 12 pf in three standard 
ranges. Atlee Corp., 2 Lowell Ave., 
Winchester, Mass. 

Circle 525 on Inquiry Card 


TRANSISTOR MOUNT 


Series SR transistor-mounting device 
dissipates to 12 watts. Model SR23 is 
for JEDEC TO-3 outline. Model SR26 


fits JEDEC TO-6 and TO-36 configura- 
tion. Accel Electronic Products, P. O. 
Box 467, Monterey Park, Calif. 

Circle 526 on Inquiry Card 


SOLID-STATE 
FREQUENCY GENERATOR 


Type 35-2001 generator is for control- 
ling a function in process systems where 
the parameter to be controlled can be 
expressed as a frequency, can accommo- 
date rpm, flow rate, temperature, pres- 
sure, force and acceleration parameters. 

(Continued on page 190) 





RELIABILITY and 
SERVICEABILITY 
ENGINEERING 


IBM SAN JOSE, CALIFORNIA, 
LABORATORIES 


R&S is a technical develop- 
ment function which monitors 
new IBM products. They assist 
the Development Laboratory 
groups in designing new 
products so that they require 
less maintenance and are 
more reliable. Major activities 
of this group include: 

Performance prediction and meas- 

urement 

Systems analysis 

Diagnostic Program development 

Electrical & Mechanical analysis 
There are permanent open- 
ings in R&S for: 


Maintenance Technology Engineers 
—BSEE with 2 to 5 years experi- 
ence in digital systems main- 
tenance. 


Component Engineers-—BS or MS 
EE with computer system com- 
ponents experience. Must be fa- 
miliar with component specifica- 
tions and test methods. 


Component Contract Liaison Engi- 
neer—with knowledge of semi- 
conductor specifications and test 
methods and procedures. He will 
monitor technical liaison with ven- 
dors doing test evaluations. 


Automatic Test Equipment Engi- 
neers—with BS or advanced de- 
gree in engineering, with experi- 
ence in automatic digital test 
equipment design. He will be re- 
sponsible for designing electrical 
component test equipment. 


Mechanical Analysis Engineers— 
with ability to work in two of the 
three following areas: Design re- 
view of complex mechanisms, de- 
velopment of mathematical models 
for mechanisms, or development 
and/or application of instrumenta- 
tion to measure mechanism dy- 
namic response. 


Extensive IBM benefits apply. 
Moving and traveling ex- 
penses paid. All qualified 
applicants will be considered 
for employment without re- 
gard to race, creed, color or 
national origin. 

If you have experience in any 
of these professional areas, 
please send your resume to: 


Mr. W. S. Johnson, Dept. 551M 
IBM Engineering Laboratory 
Monterey & Cottle Roads 

San Jose 14, California 


® 


INTERNATIONAL BUSINESS 
MACHINES CORPORATION 


ELECTRO-TECHNOLOGY 





Take your pick. 
1,2 0r3 normally open, 

normally closed 
electrical 


circuits 


Natio na t 
Acme #25 
CLEVELAND 8, OHIO 


Sales Offices: Newark 2, N. J., Chicago 6, Ill., Detroit 27, Mich. 
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VACUUM 
SWITCHES 
INTERRUPT 
OVERLOADS 
FASTER ...and more economically, too! Here is an example of 


Jennings Vacuum Switch Overload Circuit Breaker at work directly in the 
dc line where only one switch is necessary for complete protection of 
valuable electronic equipment. 


In this modern efficient pulse amplifier, 
built by Behimann Engineering Company of 
Burbank, California, the plate supply delivers 
20 amperes pulsating dc at 9 kv to the 
amplifier tubes of a 100 kw low frequency 
amplifier. For the maximum reliability and 
speed necessary to protect these tubes, 
Behimann Engineers chose Jennings Overload 
Circuit Breakers. 


Overall operating time from detection of 
current overload to breaking of anode current 
to the power amplifier is in the order of 12 
milliseconds or less. 





Rapid recovery of very high dielectric strength achieves the short 
time, low energy arcing which results in remarkably long contact life. 


Jennings Overload Circuit Breakers are equally effective for fault 
current removal in primaries, secondaries, or dc lines, either with Jennings 
High Voltage Overcurrent Relays, or with any conventional low voltage 
overcurrent relay. 


Write today for more detailed information about Jennings’ 
complete line of overload circuit breakers | 


é 
RELIABILITY MEANS VACUUM / VACUUM MEANS Hennings 
® 


PELL ee Lea La eee Po) 
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Input frequency, 1 cps to 50 ke. Day- 
strom-Wiancko Engineering Co., 255 
No. Halstead St., Pasadena, Calif. 


Circle 527 on Inquiry Card 
PRINTED-CIRCUIT LAMINATE 


Self-extinguishing clad laminate, glass- 
reinforced, offers good electrical and 
mechanical properties. Flexural 
strength is 23,000 psi, tensile strength 


11,000 psi. Electric strength is 650 
volts per mil, dielectric constant is 3.4 
at 1 mc. Material can be cold punched. 
Cincinnati Milling and Grinding Ma- 
chines Inc., Cincinnati 9, Ohio. 

Circle 528 on Inquiry Card 


CHASSIS SLIDE 
Model CBV thin circulating-ball slide 


features a vertical race. Load capacity, 
500 lb. Will fit any standard rack or 
cabinet. Mounts with standard hard- 


ware. Size range, 16 to 24 in. Coated 
with bonded film of molybdenum disul- 
fide which provides permanent dry 
lubrication. Chassis-Trak., Inc., 525 S. 
Webster Ave., Indianapolis 19, Ind. 
Circle 529 on Inquiry Card 


HIGH-ALUMINA 
SEMICONDUCTOR HOUSINGS 


Housing features a chemical bond be- 
tween ceramic insulators and metal 
members. Vacuum seal retained during 
continuous operation at 350 C in air. 

(Continued on page 192) 
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Nicoseal 


Reliability is built into these Type TO-5 transistor headers by using Carpenter VacuMeltrol NICOSEAL alloy for leads and eyelets. NICOSEAL 
matches commercially hard glasses to provide a stress-free or matched type seal for dependable transistor performance in computers, 
communication equipment and other precise instrumentation. 


matching metal to glass is a arpenter specialty 


In glass sealing alloys, Carpenter offers transistor and other electrical and electronic manufacturers 
the widest range available from any producer. 


Excellent deep drawing on strip and better machinability on bar and wire items are extra benefits 
you get with Carpenter's broad selectivity. Grain size and orientation — directional physical 
properties—are precisely controlled to eliminate “orange peel” and “earing”, and 

assure you uniform working and performance characteristics on every order. 


Nicoseal (above) is just one of many Carpenter alloys designed to match hard and 
soft glasses for specific glass sealing problems. All are covered in a new, 34-page 
technical booklet, “Electronic Alloys Simplified”, now available through your 
Carpenter representative or from The Carpenter Steel Company, 115 W. Bern 
Street, Reading, Pa. 


[arpenter steel 


you can make it consistently better with Carpenter Specialty Steels for specialists 


The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 
Export Dept., Port Washington, N.Y.—“CARSTEELCO” 

Alloy Tube Division, Union, N. J. 

Webb Wire Division, North Brunswick, N. J. 

Carpenter Steel of New England, Inc., Bridgeport, Conn. 
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NEW 


2'\> 


watt 


Mallory wire-wound control 


“0 


a 


ATU 


~ 


* economical ¢ compact ¢ long life « 


Special construction permits 1242 watt 
capacity in a 4 watt size control. Depend- 
able, long life. Built to stand severe shock 
and vibration, still maintain positive con- 
tact. Economy replacement for power rheo- 
stats in many applications. Wide assort- 
ment of resistance values, tapers, shafts, 
multi-ganged arrangements. 

Other Mallory wire-wound controls at 2 
watts, 4 watts, 7 watts ... plus specials 
built to your specs. Mallory Controls Com- 
pany, Frankfort, Indiana... a division of 


LLORY 
- 


carbon vitreous rotary 
controls resistors switches 
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Extremely resistant to thermal stresses. 
Ceramaseal, Inc., New Lebanon Center, 
Bi: 

Circle 530 on Inquiry Card 


ELECTRICAL 
LEAD-SEALING DEVICES 


Unit incorporates a one-piece single- 
or multiple-hole ceramic insulator in 
which the protective covered wires fit. 
Insulator and wires are contained in 


stainless steel gland. By tightening cap, 
assembly is sealed for pressures up to 
5000 psi. Available with a selection of 
soft sealants which increase fatigue 
strength and _ vibration resistance. 
Temperature range, —40 to +450 F. 
Conax Corp., 2300 Walden Ave., Buf- 
fale 25; N.Y. 

Circle 531 on Inquiry Card 


ALTITUDE SWITCH 


Snap-action switch 214C50 is adjust- 
able to operate at altitudes ranging 
from sea level to 70,000 ft. Contacts 
are SPST or SPDT, NO or NC. Con- 
tact ratings at 50,000 ft are 30 volts d-c, 


214 amp inductive or 5 amp resistive. 
Rated life is 50,000 cycles min. Ac- 
curacy is within 2 per cent over tem- 
perature range of —65 to +250 F. 
Weight without bracket is 334 oz. 
Consolidated Controls Corp., Bethel, 
Conn. 

Circle 532 on Inquiry Card 


DUAL-SPEED MOTOR 


Model 5003 hysteresis-synchronous a-c 
motor, with outputs of 300 or 600 rpm 
insensitive to input voltage changes to 
+40 volts, may be operated continu- 
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NATVAR 
TUBING 


AND 


SLEEVING 


For a Wide Range of 
Military Electronic 
and Electrical Uses. 


Natvar Products 


Varnished cambric—sheet and tape 
Varnished canvas and duck—sheet 


and _ 

Varnished silk and special rayon— 
sheet and tape 

Varnished papers—rope and kraft— 
sheet and tape 

Varnished, silicone varnished and 
silicone rubber coated Fiberglas*— 
sheet and tape 

Slot cell combinations, Aboglas® 
Teragla 

Isoglas® sheet and tape 

Isolastane® sheet, tape, tubing 
and sleeving 

Vinyl coated and silicone rubber 
coated Fiberglas tubing and 
sleeving 

Extruded vinyl | tubing and tape . 


| Styrofiex® Hexible polystyrene t ine 
*TM (Reg. U.S. Pat. Off.) OCF Corp 
We will be very happy to supply information 
on any of our products on request. 


DECEMBER 1961 


EMM StU RAT i 


MIL-I-631C, Type F, Form U, Grade A, 
Class Il, Category 1. 


MIL-I-631C, Type F, Form U, Grade A, 
Class | & Il, Category 1. 


Low Temperature Extruded Vinyl Tubing 


MIL-I-631C, Type F, Form U, Grade B, 
Class | & II, Category 1. 


MIL-I-7444B, Type I, 11 & Ill, Range |, 11 & Ul. 


MIL-I-22076. 
High Temperature Extruded Vinyl Tubing 


Natvar 461 MIL-I-631C, Type F, Form U, Grade C, 


Class | & Il, Category 1. U/L Approved for 
105°C Continuous Operation. 


U/L Approved for 105°C Continuous Operation. 


Specially Formulated for Use in Transformer Oil. 


Natvar 400 


Natvar 500 


DFAT MME CUM aL ga MN) LLU | 


MIL-I-21557 (Grade A Only) and MIL-I-3190B. 


Isolastane MIL-I-3190B. 


(Polyurethane) 


Silicone Rubber 


Now" is synonymous with quality throughout the world. 
Among the many outstanding insulations now serving the 
needs of the military and industry are Natvar extruded tubings 
and coated sleevings. 

These are made to perform ina wide range of temperatures 
from —68°C to 180°C and above, and to meet the electrical and 
mechanical requirements of applicable military and indus 
specifications. In addition, most have superior resistance to oak 
alkali and flame; excellent flexibility, and exceptional toughness 
and ability to withstand abrasion. 

The specially compounded formulations used in Natvar ex- 
truded tubings and coated sleevings are subjected to systematic 
and_ rigorous quality control from raw materials to finished 
product. The name Natvar is your guarantee of quality and 
uniformity. 

hipments of standard items can be made the same day from 
distributor's or factory stock. Samples are available on request. 


NATVAR corrorsonm 


ae THE NATIONAL a PRODUCTS CORPORATION 
Cable Address ’ 
NATVAR: RAHWAY, N:J. 


MIL-I-18057A (Grade A Only). 


vane a 8-8800 RAHWAY, i a RAH 1134 


207 RANDOLPH AVENUE © WOODBRIDGE, NEW JERSEY 
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Durakool works Better for you longer 
... with “all-steel’’ Mercury 


* TIMER RELAYS 
* CONTACTORS 
* TILT SWITCHES 


All available insulated or bare 


“¢ e Timer “Fixed Time” Relays 

00) Pre-set tamper proof timing in normally 
open or closed contacts. Choice of 2 
thru 20 seconds. 


Contactors 

30-60 and 100 amp. 1, 2 and 3 pole 
combinations. Normally open or closed 
contacts. 


Tilt Switches 

Will work in any position around the 
diameter. 1 amp. size is mercury to 
metal, over 1 amp. mercury to mercury 
contacts. 


. a 


“Silent &8 Contactor” 
BFC-300 shown 
Hypressure-Hydrogen 
are-quenched 
60 ampere relay 


Send for R 
cicero BMT LC 
Bulletin 
a: ae i 1ANA 
No. 0738 fim 
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MACHINED , 
MATING — 
SURFACES! 


HOWARD 


The Ultimate in Universal 
Motor Quality— 
at Lowest Cost Available! 


So fine a motor, all mating surfaces 
are machined—not die-cut— 


rl closest possible tolerance! St é 
Sssures unif : . unt or Compound—12,000 RPM 
ormity of air gap for Full Load: Serles—3,000 to 


minimum cogging, uniform output. 10, 

For communications, hospital, Shunt or Compound—1,000 to 
dental, metering and hydraulic yor 3i008,RPM 

pump equipment, computors and ae fl 250V AC/DC 

other applications. ; Shunt or Compound—6 to 230V DC 
Write today for complete details! 


UNIVERSAL & DC 
29-500 MOTOR 
1/12 T0 1/4 HP. 


SHC H SHEER EEEE 
. 


DIAM. 354" LENGTH 4''(," to 5'%)" 
H.P. Continuous: 

Series—1/6 @ 10,000 RPM 

Shunt or Compound—1/12 
Intermittent: 

Series—1/4 @ 10,000 RPM 

Shunt or Compound—1/6 
SPEED: 


No Load: Series—15,000 RPM 


Divisions: Electric Motor Corp. Cyclohm Motor Corp. 


Loyd Scruggs Co. Racine Electric Products 


HOWARD INDUSTRIES, INC. @ 1720 State Street @ Racine, Wisconsin 
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ously for long periods without shutoff. 
Input is 115 volts, single phase. Oper- 
ating temperature range, —65 to +150 
F. Supplies 9 oz-in. of synchronous 
rotor torque with 28-watt max input. 
Beau Electronics, Inc., Waterbury, 
Conn. 

Circle 533 on Inquiry Card 


SATURABLE-REACTOR 
CONTROL PACKAGE 


Unit operates without contacts, switches, 
moving parts, or photocells. Sizes, 2- 
10 kva; temperature ranges, —20 to 
+650 F. Straight-line temperature 


characteristics. Package includes reac- 
tor, voltmeter and circuit breaker in 
aluminum housing. Blue M Electric Co., 
138 and Chatham Sts., Blue Island, II. 

Circle 534 on Inquiry Card 


FUSIBLE SAFETY 
COMBINATION STARTER 


Starter 6018, available with Size 0, 1 
or 2 contactors and 30- or 60-amp dis- 
connects, meets NEMA-12 and NEMA-5 
standards. Optional features include 


third-line overload protection, dual con- 
trol-circuit protection and extra trans- 
former capacity. Has safety interlocks. 
The Clark Controller Co., 1146 E. 152 
St., Cleveland 10. 

Circle 535 on Inquiry Card 


D-C AMPLIFIER 


Model 993 amplifier provides 10-to-1 
amplification of low signal inputs from 
photovoltaic cells and provides a means 
of measuring extremely low illumina- 
tion levels below 5 ft-candles. Features 
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CLIFTON PRECISION 


MOTOR RATE TACHOMETERS 


Clifton Precision QUALITY is built into this versatile line of 
full drag cup type Tachometers. They feature high linearity, 
high output to null ratios, and low inertia. 


Other attractive performance characteristics are a 20:1 signal 
to noise ratio in standard units with ratios up to 100:1 avail- 
able on special order. Power consumption is also lower than 
average, being 1.2 watts in typical units. 


Current leakage as a variation with temperature has been sig- 
nificantly reduced in these units by use of a new magnet wire. 
See performance curves below. 


Write or call for further 
information on these 
quality units to: area 
215 MA 2-1000, TWX 
LNSDWN, PA. 1122(U) ; 
or our Representatives. © | tempeearunec 


\ CLIFTON 
G PRECISION 
PRODUCTS 
CO., INC. 
Clifton Heights, Pa. 
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The new compact Furnas Size 3 
magnetic starters, 1/3 smaller 
than other Size 3 models, incor- 
porate inherently trip-free melt- 
ing alloy type thermal relays for 
greater motor protection, and a 
simplified, low wattage, electro- 
magnet design. For 2, 3 and 4 
pole, 30-50 hp. 


Dual voltage, dual frequency snrereeed coils; fungus and 
moisture resistant. 


Silver-cadmium oxide contacts. 
1/3 smaller than other models. 


Trip-free thermal overload relays. 


Mounting dimensions on open type identical to Sizes 2 and 21/. 


Write today for Bulletin 14-B3, 1024 McKee Street, Batavia, Illinois 


FURNAS ELECTRIC 
C 0 M PA N Y @ BATAVIA, ILLINOIS 


Sales Representatives in All Principal Cities 
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+2 per cent linearity, ON-OFF control 
for zeroing a moving-coil instrument, 
pierced input and output terminals, and 
a quick-mounting, four-hole _ base. 
Power provided by 1.34-volt mercury 
cell. Weston Instruments Div., Days- 
trom, Inc., 614 Frelinghuysen Ave., 
Newark 14, N. J. 
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HIGH-TEMPERATURE 
ORGANIC DIELECTRIC 


“Custom High-K 707” materials for 
continuous operation at 500 F have a 
range of dielectric constants from 3 
to 18. Advantages over ceramics: ex- 
tremely low moisture absorption, re- 
producibility, ease of machining, cast- 
ing and molding. Can be manufactured 
to a dielectric constant tolerance of 
«0.1 at microwave frequencies. Custom 
Materials, Inc., 279 Billerica Rd., 
Chelmsford, Mass. 
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HIGH-ACCURACY 
ISOLATION AMPLIFIER 


Model 260 amplifier is a 400-cps de- 
vice whose absolute gain as well as 
linearity is maintained within +2 min 
and the output impedance is 5 ohms 


or less. Uses silicon transistors and 
incorporates internal signal limiting as 
well as protection against line-voltage 
transients. Nominal closed-loop gain is 
40; input impedance, 20,000 ohms; 
maximum output voltage, 40 volts rms. 
Operates from —55 to +125 C under 
MIL-F-5272 environmental conditions. 
Contro) Technology Co., Inc., 41-16 
29 St., Long Island City 1, N. Y. 
Circle 538 on Inquiry Card 


MINIATURE HEADERS 
AND SHELLS 


Plastic cases are for packaging printed- 
circuit components such as resistors 
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Anaconda 


Strip-copper coils 
cut size and weight 


Strip-copper coils cut the size and weight of 
electrical equipment ranging from watt-hour 
meters using relatively small coils to pole- 
mounted distribution transformers rated up to 
500 Kva. In many instances operating char- 
acteristics can be improved as well. 


Anaconda is now supplying high-quality 
copper strip for such uses. The quality of the 
copper has been extended to the finish, the 
edge, the packaging and handling. It is de- 
burred, carefully packaged to prevent edge 
damage, and made available in a wide range of 
thicknesses and widths to satisfy all needs. 


Whatever your use of coils, whatever size 
and capacity you wind, Anaconda copper strip 
promises economies in size and weight. 


Technical Assistance in the application of 
Anaconda strip copper to your coil design 
problems is available from the Metallurgical 
Dept. Address: Anaconda American Brass Co., 
Waterbury 20, Conn. In Canada: Anaconda 


American Brass Ltd., New Toronto, Ontario. 
61-915 


AMERICAN BRASS COMPANY 
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PROTECT SILICON 
RECTIFIERS 


@' 
Ne) 


ae - 


ae e ==, 
LOW-COST SILGARD CLIPS SURGE VOLTAGES 
Now you can have effective protection against over-voltage 
damage to silicon rectifiers for very little cost — far less 
than the cost of derating rectifiers (which may not assure 
protection against transients). Silgard, developed by ITT, 
has high resistance to normal voltage — instantaneous low 
resistance to surge voltages, absorbing transients of long 
duration up to 12,000 watts. It’s simple, self-contained, 
easy to install, offers years of reliability. Also protects tran- 
sistors, controlled rectifiers, meters, solenoids, and relays. 


For complete specifications, 
write for Bulletin No. 361. ic 
TE! 5 pln me 


SEMICONDUCTOR DEPARTMENT @ COMPONENTS DIVISION 
INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION, CLIFTON, NEW JERSEY 
Circle 209 on Inquiry Card 


ARCING 


SUPPRESSED AT LOW COST WITH 
ITT SEMICONDUCTOR CONTACT PROTECTORS 


Specifically developed by ITT for are suppression in 
switched circuits with inductive loads, these low-cost semi- 
conductor devices can reduce contact erosion due to arcing 
by a factor of 100 or better. They provide efficient contact 
protection in both AC and DC applications. 
Spike-shaped oscillograph trace below, shows voltage 
across an unprotected contact switching a relay; step- 
shaped trace shows improvement with a back-to-back semi- 
conductor protector connected across coil. 

write for Bulletin No. 860 


Tr: 


SEMICONDUCTOR DEPARTMENT MCOMPONENTS DIVISION 


INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION, CLIFTON, NEW JERSEY 


For complete specifications, 
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and transistors before encapsulation. 
Sizes are as small as 0.550 x 0.130 x 
0.125 in. Material is a diallyl-phtha- 
late, long-glass-fiber-filled plastic. Flex- 
ural strength, 17,000 psi; tensile 
strength, 7000 psi. Continuous heat re- 
sistance is 400 F. Del-Val Plastics, Inc., 
River Rd., Tullytown, Pa. 

Circle 539 on Inquiry Card 


MICROAMMETER 


Series HSR panel instruments using 
transistors are available in 114, 2% 
and 31% in. sizes. Meet all requirements 
of MIL-M-10304. Units operate from 
any d-c supply from 3 to 250 volts 


with current drain of 80 to 200 ,amp. 
Standard ranges include 2, 4, 5, 10, 
15 and 20 ypamp. Also available as 
millivolt and megohm meters. Nominal 
input impedance, 95,000 ohms, resis- 
tive. Accuracy, +2 per cent of full 
linear scale. Instrument Div., DeJur- 
Amsco Corp., Northern Blvd. at 45 
St., Long Island City 1, N. Y. 
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SOLID-STATE TIME DELAY 


Model TF-10 delays are for use from 
several seconds to 30 minutes and fea- 
ture high reliability and compact size. 
Applications are as sequencers, time- 
delay relays and automatic cycling 
switches. Output is 10-volt positive 
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Smaller, Lighter with 


Extreme Environmental Capabilities 


ARK trot 


Type RPC 
ELECTRICAL 
CONNECTORS 


New EAR-EAP Class I Group D 


Pictured is RPE Connector with tap box. e 
Explosion-Proof 


Listed by Underwriters Laboratories and conform- 
ing to JIC standards, the RPC series ARK-trols are Plug and Receptacle 
suitable for NEMA classes 1, 2, 3, 3R, 4, 5, 12 
and 13. Also meets Military Specifications for cor- Underwriter listed and approved under ap- 
rosion and chemical resistance, temperature, pres- plicable government specifications for circuit- 
sure, air leakage, dust, shock, vibration, humidity breaking applications in hazardous or non- 
and moisture. Featuring aluminum oxide coatings on hazardous areas. Designed for flush or surface 
aluminum-alloy components. Strong enough to with- mounting. Available in 2, 3, 4 and 5 pole units 
stand 50 G shocks, yet 60% to 70% smaller and for amperage ratings of 60,100 and 200 at 480 
lighter than comparable commercial connectors. volts. 


WRITE for complete descriptions, 


specifications and configuration patterns. 
REG. U.S. PAT. OFF. 


MAIN OFFICE: SYRACUSE, N.Y. FIELD OFFICES: Albany, Atlanta, Baton Rouge, Birmingham, Boston, Buffalo, Chariotte, Chicago, Cincinnati, Cleveland, Corpus Christi, Dallas, 
Denver, Detroit, Houston, Indianapolis, Kansas City, Los Angeles, Milwaukee, Minneapolis, New Orleans, New York, Omaha, Philadelphia, Pittsburgh, Portland, Oregon, St. Louis, 
St. Paul, Salt Lake City, San Francisco, Seattle, Tampa, Tulsa, Washington. RESIDENT REPRESENTATIVES: Baltimore, Md., Meriden, Conn., Reading, Pa., Richmond, Va., Springfield, Mass. 
FOREIGN AFFILIATES: Crouse-Hinds Company of Canada, Ltd., Scarborough, Ont., Crouse-Hinds-Domex, S. A. de C. V. Mexico, D. F. 
MANUFACTURING LICENSEE: Peterco, Sao Paulo, Brazil 
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pulse into 1000-ohm load; pulse width, 

_ an mu ce ms 1 millisec, approx. Reset pulse required 

Prec | @) ome ti eal. rn Le | is l-volt negative, minimum, with rise 

time faster than 1 millisec. Standard 

a - operative voltage, 18 to 28 volts. Crane 

Ac Cc S| rac Af 7 2 sett r Le | Electronics Co., 4345 Hollister Ave., 
Santa Barbara, Calif. 
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D-C AMPLIFIER 


Model 3101 chopper-stabilized unit 
amplifies low-level signals from d-c to 
20 ke. Plug-in attenuators provide 
fixed or adjustable gain settings be- 


| tween 10 and 1000, differential or 


DIAL single-ended. Gain stability is 0.01 per 
cent; drift is less than 2 pv for 100 hr. 

Frequency response +0.1 db at 1 kc; 

+3.0 db at 35 ke. Linearity is 0.02 per 

cent of output. Rack-mounted unit is 

31% in. high. PM Electronics, Inc., 5221 

University Ave., San Diego 5, Calif. 

Circle 542 on Inquiry Card 


The EAGLE Microflex Timer provides unequaled ac3 


curacy in closing or opening a circuit. An easy-to- SEMICONDUCTING RESIN 
read 20 turn double micrometer dial speeds the “Alathon” 2900 BK 50 high-density 
selection of new settings over full 7200° range and polyethylene resin, usable in place of 


: . 1 fabric shielding on high-voltage cabl- 
permits a one-glance check of previously set intervals. ine, way bo apetied as on entreded 


layer or as wrapped tape and provides 
an electrostatic shield. Properties in- 
clude toughness and flexibility at low 
temperatures; also moisture, corrosion 
and chemical resistance. E. I. DuPont 
de Nemours & Co., Polychemicals 
Dept., Wilmington, Del. 
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* PIN-POINT ACCURACY is possible with 1200 conveniently 
spaced dial markings. No guessing at in-between points. 
Accuracy maintained by patented pinion and threaded axle. 


* 9 DIFFERENT ACTIONS are available for each of 3 SPST 
15 ampere contacts which can be selected according to 
circuit requirements. 


* PLUG-IN COMPONENTS allow rapid replacement of timers,’ 
Large capacity contacts eliminate additional load relays. CERAMIC CAPACITORS 

| A miniature GL-10 ceramic capacitor 
with axial leads is 0.085 in. sq by 
OTHER POPULAR HIGH QUALITY EAGLE TIME-COUNT CONTROLS 0.035 in. thick. Capacitance values 
range from 10 to 300 pf, with a maxi- 
mum capacitance change of +10 per 
cent over temperature range of —55 
to +85 C. Tolerances of +15 per cent 
are available to 150 C. The capacitors 


CYCLE-FLEX MULTI-CIRCUIT TIME DELAY 
PLUG-IN TIMER CA TIERS TIMERS RELAYS 


For more details on the Microflex Timer, write for free bulletin 110, or contact your local 
Eagle Representative listed in Thomas Register or Phone Directories in 25 principal cities. 


EAGLE SIGNAL COMPANY ©@¢ Moline, Illinois. 


INDUSTRIAL DIVISION 





A DIVISION OF THE GAMEWELL COMPANY, AN E.W. BLISS COMPANY SUBSIDIARY 
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A SERIOUS LOOK AT SILICON STEELS 


..- how Republic helps you protect product quality 


A complete and highly specialized division of 
Republic Steel has, as its sole responsibility, the 
maintenance of silicon steel quality standards. This 
responsibility extends from analysis of iron ore 
through quality controls at every stage of produc- 
tion, to final, critical testing of finished steel. A 
Republic “first,” continuous, controlled atmosphere 
annealing, was, for example, developed by this 
division to provide more perfect annealing. 


Maintenance of quality standards assures you that 
Republic Silicon Steels will meet your specifications, 
will be flat, clean, magnetically and mechanically 


uniform. Finest punching quality silicon steels won’t 
clog dies with loose scale, make accurate laminations 
easy to produce, and protect your product quality. 


ALL GRADES. You can specify Republic Silicon 
Steels in all standard grades—including core plated 
silicon sheets and coiled silicon strip. In addition, 
Republic Locore®, a low carbon cold rolled steel, is 
specifically processed for magnetic applications. 
Ideal for a wide range of applications, LocorEe 
provides high permeability at high flux density. 
LocorE is made in both coils and cut lengths, in 
sheet and strip widths. 


For complete information, call your nearest Republic office, or write 
Republic Steel, Dept. ET-2958, 1441 Republic Bidg., Cleveland 1, Ohio. 


oi) 
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REPUBLIC STEEL a) aa 


REPUBLIC HAS THE FEEL FOR MODERN STEEL 


Uniform 
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Grooved armature dissipates heat 
... provides wiping action 
for better operation. 


STEARNS New 8-in. dia. 
Electro-Magnetic Clutch 
Packs 1740 Ib-in. Torque 


Application of this new Stearns clutch is simplified by the 
remarkably high torque-to-size ratio. Ball bearing-mounted 
stationary magnet body eliminates slip rings. New spring release 
armature provides positive disengagement. Completely encap- 
sulated coil and solid armature assure dependability, whatever 


the application — packaging machinery, textile machinery, 
machine tools, etc. 


Stearns offers you the largest selection of competitively 
priced stationary magnet clutches on the market today — nine 
sizes in all, from 2 to 1740 lb-in (145 lb-ft) torque. Stearns 
SMR clutches are available for all standard DC voltages to 90 
volts — class A through H insulation — with integral sprockets 
or sheaves in split and thru-shaft arrangements. Also available 
as a flange-mounted brake. 


Rely on Stearns, pace-setting pioneer since 1917, for all your 
electro-magnetic clutch, brake and clutch-brake requirements. 
Write for Clutch Data File NPP 12-61C. 


Stocked by authorized distributors in all principal cities 


ELECTRIC CORPORATION 


120 N. BROADWAY, MILWAUKEE 2, WIS. 
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meet requirements of MIL-C-11015, are 
rated to 50 volts d-c, working. Gulton 
Industries, Inc., 212 Durham Ave., 
Metuchen, N. J. 
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BLOWER UNIT 


tigh-performance blower STA-1000- 
11278 is for air conditioning service in 
electronic equipment. Features cast 
aluminum housing, 10-in. tapered-blade 
fan for resonance-free operation, and 


| 
if 


416-volt, 400-cps motor. Motor may be 
furnished for 115- or 208-volt power. 
Meets military environmental specifica- 
tions MIL-E-4970A, MIL-E-5272C and 
MIL-M-7969B. Unit delivers 1800 cfm 
at static pressure of 1 in. of water, or 
600 cfm at 4 in. of water. The Torring- 
ton Mfg. Co., Torrington, Conn. 
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TWO-SPEED ELECTRIC 
GEAR TRANSMISSION 


“Electromat Mark I,” for accurate ma- 
chine positioning, incorporates two 
electric clutches and an electric brake 
in a precision transmission. Provides 


high-speed rapid traverse, low-speed 
positioning, accurate stopping, remotely 
controlled speed selection, torque con- 
trol and braking action. Available in 
power ratings ranging from 1 to 40 
hp and speed ranges from 1:1 to 27:1 
Electromatic, Inc., 4169 Pearl St., 
Cleveland 9, Ohio. 
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EDGE-READING METER 


Panel meters have dial faces which 
form their largest cross-sectional area. 
Elimination of projections on the cas- 
ing permits stacking and simple at- 
tachment or removal from flush panel 
mountings. Model 12 is a miniature 
null-type, zero-center tuning indicator 
with single floating-coil movement. 
Size, 134 x 9/16 in. max. Standard null- 
ing ranges, from 500-0-500 »amp to 
3-0-3 ma. Model 13 is designed to read 
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High-Resolution 
e Analog Recording 


z HE 


‘oom from Frequency 
Counters 


od 


9 00% * &* Se agae os 


New 4 580A Solid State Digital/Analog Converter 


With the new # 580A Digital/Analog Converter you can 
get resolution to 1 part in 10° or better in making X-Y or 
strip chart recordings from the output of your electronic 
counter, digital voltmeter or other device providing 

the proper 4-line BCD output code. 
The converter, for example, can be used with any 
of the new ® solid state counters, with # and 
Dymec vacuum tube counters equipped with 
output kits, and with other vacuum tube and 
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SPECIFICATIONS 


Accuracy: 


Potentiometer 
Output: 


Galvanometer 
Output: 


Teall eee 


Command Pulse: 


Transfer Time: 


TP d Fs 


alee 


0.5% of full scale 
100 mv full scale 


0 to 1.ma into 5,000 ohms or 
Tos 

Parallel entry 4-line BCD, 
1-2-2-4 (9 digits max.) having 
a swing of 4 to 75 v about a 
ole] c-Me eh i-1e-1 aol 


Positive or negative pulse, 
20 usec or greater in width, 
6-40 v amplitude 


2 msec 

16%4” wide, 342” high, 1142” 
deep; 15 Ibs. 

bho s0 08) 


Data subject to change without notice 
Price f.o.b. factory. 
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solid state instruments. It provides outputs 
for both potentiometer and galvanometer 
recorders, and includes controls for calibra- 
tion of the recorders. 


Any three successive digits (or the right- 
hand two) may be chosen for analog out- 
put, and selection of the least significant 
digits produces analog records of extreme 
resolution and accuracy. For example, re- 
cording three righthand digits of nine-col- 
umn data results in resolution of 1 part in 
108. Automatic zero-shift keeps the record 
“on-scale”’ at all times. 


The solid state # 580A accepts 4-line data, 
which is transferred to storage binary units 
within the converter on command from the 
counting source. The stored data is then 
translated and weighted to provide the 
proper analog output voltage or current. 


HEWLETT-PACKARD COMPANY 


1094M Page Mill Road, Palo Alto, California, U.S.A. 
Cable “HEWPACK” DAvenport 6-7000 
Sales representatives in all principal areas 
HEWLETT-PACKARD S.A. 

Rue du Vieux Billard No. 1, Geneva, Switzerland 
Cable “‘HEWPACKSA” Tel. No. (022) 26. 43. 36 


7368 
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Collectadata: when 
paper tape 
comes in, = 


paper 
work goes 
oie 


The machine at left is a Friden Collectadata® 
Transmitter—key to a new system of internal 
data collection that virtually eliminates 
in-plant paperwork. 


The system is simple. Transmitters, spotted in 
key reporting locations throughout the plant, 
are cable-connected to a central Collectadata 
Receiver. “Blank forms” are issued as pre- 
coded tab cards or Friden edge-punched 
cards. Each card becomes a “filled-in” report 
after the worker inserts it in the transmitter, dials in variables and 
touches a key. The rest is automatic. The receiver records each report 
in punched paper tape, adds an automatic time code. At day’s end, the 
receiver tapes are processed—converted to tab cards or fed directly into 
a computer to prepare comprehensive summaries of plant activity. 


Collectadata users report substantial savings in time and money. But 
in many applications the speed, accuracy and efficiency of automated 
data collection are even more significant. For information, consult 
your Friden Systems Man. Or write: Friden Inc., San Leandro, Calif. 


THIS IS PRACTIMATION: automation so hand-in-hand with 
practicality there can be no other word for it. 


© 1961 Friven, inc. 


 ITiden 


SALES. SERVICE AND INSTRUCTION 
THROUGHOUT THE U. Ss. AND WORLD 
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both a-c and d-c ranges from 1 ma 
to 100 amp with accuracies of 3 to 5 
per cent. Used as voltmeter, ranges 
vary from 50 millivolts to 300 volts. 
Size, 1 13/16 x 34 in. max. Electro- 
Mechanical Instrument Co., 8th and 
Chestnut Sts., Perkasie, Pa. 
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PRECISION LIMIT STOP 


Device for use in apparatus requiring 
a positive mechanical stop at the end 
of a given rotation measures 7% in. 
long. Design permits settings of from 0 
to 100 turns. The use of hardened pins 
which make radial contact, as the stop- 
ping device, allows for very precise 


stops without binding. Low impact 
speed of 1/5 of input speed. Is suit- 
able for mounting close to motor or 
high-speed end of gear train, where 
loads are lightest. Uses ball bearings 
and is constructed of corrosion-resist- 
ant materials. Dynamic Gear Co., Inc., 
Amityville, L. L, N. Y. 
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CONTROL-PANEL 
WIRING SYSTEM 


“Wireway” system takes advantage of 
the natural horizontal channels that 
are formed between the horizontal rows 
of relays when mounted on a panel. 
Lacing of wires is eliminated and wir- 
ing time is said to be reduced. Special 
posts fasten to the control panel in 
the vertical channels. Each post has 
grooves to receive a special snap-on 
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Looking fora compact 1 to 10 watt Germanium Power 
Transistor with this kind of top level performance? 


Top reliability is built into each Honey- 

well transistor. Vacuum buked, given 

rigorous life and dynamic tests, each is 

enclosed in a new cold-welded minia- 

ture case with threaded mounting stud. 

“Size Designed for general use, the Honey- 

well 2N1658 and 2N1659 are ideal for servo 

amplifiers, relay drivers, high power unit driver 

stages, and as medium power switches. Measur- 

ing only 0.35 inches in diameter, they handle 
one to ten watts! 

You’ll want data sheets, including character- 
istic curves and servo amplifier circuit diagram, 
for your files. Fill out and mail the coupon 
today! 


Honeywell 
[Hl] Semiconductor Product 


e Leakage—Icpro less than 0.5 ma at 80v, 
2N1658—60v, 2N1659 
e Saturation voltage—V cr (sat) less than 0.25v 
e Floating potential—Vxrpr less than 0.25v 
e Thermal resistance—® j-mp 5° C watt max. 
(Ty max., 100° C) 
eGain—hrg 30 min @ 0.2 amp; hrg 20 min 
@ 1.0 amp 


e Frequency response—500 kc minimum gain 
bandwidth product 


e Power dissipation—15 watts at 25° C, 6 watts 
C 


MINNEAPOLIS-HONEYWELL REGULATOR CO. 
SEMICONDUCTOR DIV. ¢ MINNEAPOLIS 8, MINN. 


Yes, send me bulletins on the new Honeywell 2N1658 
and 2N1659. 


NAME 
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PRESIDENT 


He’s the designer 
who first put Luster-On° 
on the job! 


Luster-On is The Chemical Corporation’s 
low-cost protective finish for aluminum, 
brass, cadmium, copper or zinc. It is 
supplied in a complete line of uniform- 
controlled chromate conversion coatings 
that provide maximum protection in a 
single, simple, economical operation. 
Available as a liquid or powder for im- 
mediate delivery. 


Specify Luster-On, Best — 


FOR BRILLIANT CORROSION-RESISTANT 
FINISHES . . . rivals even chrome in many 
instances where cost is a factor. Long- 
lasting, easily controlled application. 


FOR CLEAR, BRIGHT AND IRIDESCENT 
COATINGS ... imparts striking, attractive 
appearance with complete corrosion pro- 
tection, even when humidity and han- 
dling are encountered during processing. 
Also available are yellow iridescent and 
olive drab for concealed parts or as a 
paint bond. 


FOR DECORATIVE COLOR... on low-cost 
zinc. Brilliant golds, yellows, blues, reds, 
greens, violets, brass and copper hues. 


FOR ALUMINUM .. . replaces expensive 
anodizing where surface hardness is not 
of prime importance. An excellent finish 
for paint bonding. 


FOR LASTING BRIGHTNESS... . on both 
copper and brass without noxious fuming. 


FOR DIE-CASTINGS . .. one quick dip pro- 
vides uniform finish; superb as a base for 
painting. 


See for yourself what Luster-On can do for you! 
Send us a sample part — now — for free process- 
ing. Data sheets on request. 


Luster-On — first and still the 
finest in conversion coatings. 


(\ 
The 


emical 


Corporation 


63 Waltham Avenue ¢ Springfield 9, Mass. 
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cover. ECP Corp., 4726 Superior Ave., 
Cleveland 3, Ohio. 
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TRANSISTOR COOLING UNIT 


The “F-3DC Frigistor” is a thermo- 
electric device of high pumping ca- 
pacity intended for use with stud- 
mounted components. Consists of three 


thermoelectric couples, the cold sides 
of which extract heat from the com- 
ponent case. Will provide cooling at 
any current up to 17 amp. Operating 
voltage, 0.3 volt. Will pump 4.25 watts 
min across a temperature difference 
of 0 C. At 0 watts load, it will provide 
a temperature difference of 65 C or 
more. General Thermoelectric Corp., 
P. O. Box 253, Princeton, N. J. 
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SILICON RECTIFIERS 
“NoFlange” l-amp rectifiers have three 
different leakage-temperature combina- 
tions. Series 10AL is top rated with 
full-cycle average leakage of 10 pamp 
max at 150 C. Series 1OAT and 10AG 
have full-cycle average leakages of 150 
“amp max at 150 C and 500 “amp max 
at 100 C, respectively. All are available 
in piv ratings from 200 to 1000 volts. 
Double-diffused silicon junction is her- 
metically sealed in flangeless cylindrical 
case, 144 x 14 in. Electronic Devices, 
Inc., New Rochelle, N. Zs 
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DUAL SAFETY VALVE 

Device with two valves interlocked to 
prevent repeat operation in the event 
of electrical or mechanical failure of 
either valve is usable in any cyclic 





Constant-voltage transformers 
and d-c power supplies conven- 
iently available nation-wide. 


ALABAMA 
Birmingham — 

James W. Clary Co. 

M-G Electronics & Equipment Co. 
ARIZONA 
Phoenix — 

Midland Specialty Co. 
CALIFORNIA 
Glendale — 

R. V. Weatherford Co. 
Los Angeles — 

Federated Purchaser, Inc, 
Oakland — 

Brill Electronics 

Elmar Electronics 
Palo Alto — 

R. V. Weatherford Co. 
Pasadena — 

Electronics Supply Corp. 
San Francisco — 

Pacific Wholesale Co, 
COLORADO 
Denver — 

Denver Electronic Supply Co. 

Inter-State Radio & Supply Co, 

Radio & Electronics Supply Co, 

L. B. Walker Radio Co. 
CONNECTICUT 
Bridgeport — 

Sprague Electrical Supplies 
Hartford — 

Electrical Supplies, Inc. 
Waterbury — 

Bond Radio Supply 


DELAWARE 
Wilmington — 

Radio Elec. Service Co. of Delaware 
DISTRICT OF COLUMBIA 
Washington — 

Capito! Radio Wholesalers 

Electronic Wholesaler, Inc. 
FLORIDA 
Melbourne — 

Electronic Wholesalers, Inc. 
Miami — 

Electronic Wholesalers, Inc, 
Orlando — 

Hammond Electronics 
Pensacola —_ 

Grice Electronics 
Tampa — 

Thurow Electronics 
GEORGIA 
Atlanta — 

Electro Tech Inc. 

Specialty Distributing Co., Inc, 
ILLINOIS 
Chicago — 

Allied Radio Corp, 

Lukko Electronics 

Newark Electronics Corp. 

E. H. Sargent & Co. 

The Welch Scientific Co. 
Oak Park — 

Melvin Electronics 
Peoria — 

Klaus Radio & Electric Co. 
INDIANA 
Evansville — 

Ohio Valley Sound 
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TO SOLA 


the pioneer in a-c and d-c regulated power! 


Indianapolis — 
Graham Electronics Supply 
Radio Distributing Co. 
South Bend - 
Radio Distributing Co., Inc. 
IOWA 
Davenport — 
TCR Distributors 
Des Moines — 
Gifford Brown, Inc. 
KANSAS 
Wichita — 
Interstate Electronic Supply Corp. 
KENTUCKY 
Lexington — 


Radio-Electronic Equipment Co., Inc. 


Louisville — 

P. |. Burks Co., Inc. 
LOUISIANA 
New Orleans — 

Southern Radio Supply Co. 
MARYLAND 
Baltimore — 

Wholesale Radio Parts Co., Inc. 
Bethesda — 

Empire Electronic Supply Co. 
Silver Springs 

Kenyon Electronics Corp., Inc. 
MASSACHUSETTS 
Boston — 

DeMambro Radio Supply Co. 

A. W. Mayer Co. 

Radio Shack Corp, 
Cambridge — 

Electrical Supply Corp. 

MacAlaster Bicknell Co. 
Newton — 

Cramer Electronics, Inc. 
Springfield — 

T. F. Cushing, Inc. 

Soundco Electronic Supply Co., Inc. 
MICHIGAN 
Ann Arbor — 

Wedemeyer Electronic Supply Co. 
Battle Creek — 

Electronic Supply Corp. 
Detroit — 

Radio Specialties Co., Inc. 
Jackson — 

Fulton Radio Supply Company 
Muskegon —- 

Western Electronic Supply Co. 
MINNESOTA 
Minneapolis — 

Lew Bonn Co. 

Northwest Electronics Corporation 

Stark Electronics Supply Co, 
St. Paul — 

Gopher Electronics Co. 
MISSOURI 
Joplin — 

Four State Radio Supply Co. 
Kansas City — 

Burstein-Applebee Co. 

St. Louis — 

Walter Ashe Radio Co. 
NEBRASKA 
Omaha — 

Radio Equipment Co. 

NEW JERSEY 
Mountainside — 

Federated Purchaser, Inc 
NEW MEXICO 
Albuquerque — 

Radio Specialties Co., Inc. 
NEW YORK 
Albany — ia 

Ft. Orange Radio Dist. Co., Inc. 
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Binghampton — 

Federal Electronics, Inc. 
Buffalo — 

Radio Equipment Corp. 

Summit Distributors, Inc, 
Elmira — 

Brady Supply Corp. 
is Island City — 

H. L. Dalis, Inc. 

Lynbrook L. |. — 

Peerless Radio Distributors, Inc. 
Mineola L. |. — 

Arrow Electronics, Inc, 

New York — 

Harvey Radio Co., Inc. 

Milo Electronics Corp. 

Terminal Hudson Electronics, Inc. 
Poughkeepsie — 

Chief Electronics, Inc. 
Rochester — 

Requa Electrical Supply Co., Inc. 

Rochester Radio Supply 
Rome — 

Rome Electronics, Inc. 
Schenectady — 

Electric City Radio Supply 
NORTH CAROLINA 
Asheville — 

Freck Radio Supply Co, 

Raleigh — 


Southeastern Radio Supply Co., Inc. 


Winston-Salem — 
Dalton-Hege Radio Supply Co. 
NORTH DAKOTA 
Fargo — 
Bristol Distributing Co. 
OHIO 
Akron — 
Akron Electronic Supply, Inc. 
The Sun Radio Co. 
Cincinnati — 
Herrlinger Distributing Co. 
United Radio Incorporated 
Cleveland — 
Pioneer Electronic Supply Co. 
Radio & Electronic Parts Corp. 
Columbus — 
Hughes-Peters, Inc. 
Dayton — 
The John A. Becker Co. 
Srepco, Inc. 
Lima — 
Lima Radio Parts Company 
Toledo — 
Warren Radio Company 
Youngstown — 
Ross Radio Co. 
OKLAHOMA 
Tulsa — 
Engineering Supply Company 
Radio Inc, 
S. & S. Radio Supply 
OREGON 
Medford — 
Verl G. Walker Co, 
Portland — 
Central Distributors 
Lou Johnson Co., Inc. 
Stubbs Electric Co. 
United Radio Supply, Inc. 
PENNSYLVANIA 
Erie — 
Erie Industrial Electric Supply 
Warren Radio, Inc. 
Indiana — 
Fischer-Scientific Co. 
(Instrument Div.) 
Philadelphia — 
Herbach & Rademan, Inc. 
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Pittsburgh — 
Cameradio Ce. 
Fisher Scientific Co. 
Radio Parts Co., Inc. 
State College — 
Alvo Electronics Distributors, Inc. 
RHODE ISLAND 
Providence — 
Wm. Dandreta & Co. 
SOUTH CAROLINA 
Charleston — 
Wholesale Radio Supply Co. 
TENNESSEE 
Kingsport — 
Radio Electric Supply Co. 
Knoxville — 
Roden Electrical Supply Co. 
Memphis — 
Bluff City Distributing Co. 
Nashville — 
Electra Distributing Co. 
TEXAS 
Dallas — 
Engineering Supply Co. 
Wholesale Electronic Supply of Dallas 
El Paso — 
Midland Specialty Co. 
Houston — 
Busacher Electronic Equip. Co., Inc. 
Harrison Equipment Co., Inc, 
Sterling Electronics, Inc, 
UTAH 
Salt Lake City — 
Standard Supply Co. 
VIRGINIA 
Charlottesville — 
Virginia Radio Supply Company, Inc. 


WASHINGTON 
Everett —- 

Pringle Radio Wholesale Co. 
Seattle — 

Pacific Electronic Sales Co. 

Seattle Radio Supply, Inc. 

Western Electronics Co. 
Spokane — 

Northwest Electronics, Inc. 
Tacoma — 

C & G Electronics Co. 

Wible Radio Supply, Inc. 
Walla Walla — 

Kar Radio & Electric Co, 
WEST VIRGINIA 
Beckley — 

ChemCity Electronic Distributors 
Huntington — 

West Virginia Electric Supply Co. 
WISCONSIN 
Madison — 

Satterfield Electronics, Inc. 
Milwaukee — 

Radio Parts Co., Inc. 


8-52-61 


DIVISION OF BASIC 
PRODUCTS CORPORATION 
SOLA ELECTRIC CO., 1717 Busse Road, 
Elk Grove Village, Il!., HEmpstead 9-2800 
IN CANADA, Sola Basic Products Ltd., 
377 Evans Ave., Toronto 18, Ontario. 





AIRCRAFT AND MISSILES 


EVERYTHING 
UNDER 
CONTROL 


with 


GUARDIAN. 


ELECTRONIC INSTRUMENTS 


BUSINESS MACHINES 
A-* ast 


COMMUNICATIONS 
HOME APPLIANCES 


= 
ES 


VENDING MACHINES 


SOLENOIDS 
fr No. 28 A.C. or D.C. 


~ £| MIDGET SOLENOID 


This versatile new solenoid 
~@ has been accepted by design 

and production engineers for 

many applications where 

greater power is required and 
space is a problem. Has tapered plug and 
plunger for additional power. Adjustable 
stroke Ys6” to Y2” with lift over 41 ounces. Only 
1¥e” x 1” x 1% 6". Available in AC or DC 


voltages for continuous or intermittent duty. 


No. 22D.C.‘‘mighty midget”’ 
Only 34" x "x 1X" size. 
Stroke ranges from 1%” to 5%” 
and lifts up to 24 ozs. Available 
D.C. voltage only for intermittent 
or continuous duty. 


No. 24 A.C. Midget Solenoid. 
Only 14%" x 1" x i": Stroke 
ranges from 14%" to 5%” with lift 
over 19 ounces. Available for 
intermittent or continuous duty in 


anyA.C. voltage up to 230 V.A.C. 
No. 32D.C. 


Solenoid. 
Lifts up to 8 ounces with strokes up to %” push or 
pull types. Size: Y%2” max. diameter by 3%” long. 


A COMPLETE LINE FOR EVERY INDUSTRIAL APPLICATION 


al 


Guardian offers the most complete line of solenoids from midgets 
to heavy duty laminated types. For immediate delivery of 


samples and prototypes contact your local Guardian Distributor. 


GUARDIAN 


MANUFACTURING COMPANY 


15S2-P W. CARROLL AVENUE, 


ELECTRIC 


CHICAGO 7, ILLINOIS 
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control system. When wired into a 
system, electrical monitoring is pro- 
vided whereby each valve is checked 
during each cycle. In case of malfunc- 
tion an automatic stop is made and the 
next stop is prevented. All components 
are mounted on 14-in. steel plate with 
sides and ends turned over. Fawick 
Airflex Div., Fawick Corp., 9919 Clin- 
ton Rd., Cleveland 11, Ohio. 

Circle 552 on Inquiry Card 


ROTARY SOLENOIDS 


Models 3457, 3456 and 3458 solenoids 
have weights of 2.8, 4.9 and 10.4 oz 
and volumes of 0.685, 1.34 and 2.9] 
cu in., respectively. Operational life, 1 


million cycles. Ambient temperature. 
—55 to +100 C. Shock, up to 50 g. 
Vibration up to 20 g at 2000 cps. Angle 
of stroke, 45 deg. Voltage, 12, 18, 24 
volts d-c. Typical starting torques, 
from 1.5 to 65 oz-in. General Time 
Corp., Central Research Labs., Progress 
Dr., Stamford, Conn. 
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SYNCHRONOUS 
RELUCTANCE MOTORS 


“Tri/Clad 55” motors are designed for 
applications where zero slip, constant- 
speed operation is required. Efficiency 
as high as 80 per cent; pull-out torque, 
150 per cent; pull-in torque, 100 per 
cent; locked-rotor torque, 250 per cent 
of full load. Class A insulation system 


is designed to withstand the effects of 
moisture, electrical stress and_ heat 
aging. Frame and end shields of cast- 
iron construction. Available in both 
dripproof and enclosed models rated 
220/440 volts, three phase, 60 cps, 
in 1 to 5 hp. General Electric Co., 
Schenectady 5, N. Y. 
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MINIATURE FLEXIBLE 
COUPLING 

Device with special corrosion-resistant 
nickel bellows-flex element will couple 
two shafts without backlash or angular 
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THERE ARE JOB-ENGINEERED DIFFERENCES IN EVERY CLASS OF 


JGHSSIBX 


There’s a “right-wire” for you in this full 
Essex line. Each one has job engineered dif- 


FILM COATED 


ti 
ferences specifically developed for your appli- 
cations. Selecting the proper Essex magnet 
wire will assure you of greater efficiency... 
with minimum trouble and down time. Some 


of the differences and applications are typified 
in the examples given below. 


ar 


1a 


Cis TT Acrylex | Formetex Cros | A 


Service record unequaled in wire indus- 
try assures years of trouble free service. 
Size range—round wire 4 through 52 single, 
heavy, triple, quadruple. Squares and rec- 
tangles up to 100,000 square mils. 


Applications: Class A motor windings, 
round wire coils of all types, hermetic ap- 
plications when hermetic grade specified, 
shaped wire coils, oil filled transformers. 


TEMPERATURE °C (1/°K) 
AMEE 57 THERMAL LIFE 


NYFORM PEPE EEE 


+++} 20,000 hours 


The complete dependability of Formvar at 105°C 


with a plus factor in windability. Size 
range—round 4 through 44 single, heavy, 
triple, quadruple. 


Applications: High speed motor windings, 
hand tool motor armatures, Class A coils 
and transformers of all types. Particular 
adaptability where overload resistance is 
required. 


TEMPERATURE °C (1/°K) 
ANE 57 THERMAL LiFe 


SODEREX © 


Solderable without film removal. Size 
range—10 through 52 single, heavy, triple, 
quadruple. 


ues 


Applications: Electronic coils, light duty 
motor and armature windings, transformer 
coils, relays. The correct choice for a pro- 
duct requiring solderability without strip- 
ping in the finer wire sizes. Particularly rec- 
ommended for solderable insulation on 1 ! 
sizes 28 and finer. pasta sont ll 


AMEE S7 THERMAL LiFe 


AVERAGE LIFE, HO 


H 


Pa 


SODERON® 


Combines the features of Soderex 
with exceptional windability. Size 
range—4 through 44 single, heavy, 
triple, quadruple. 


Applications: Light duty stator and arm- 
ature windings, transformers, relays, 
coils. Particularly recommended for 27 
and heavier wire where solderability is 
a requirement. 


POLY-THERMALEX/PTX 


A Class F magnet wire at Class A 
prices offering machine windability. 
Size range—4 through 40 single, heavy, 
triple, quadruple. Squares ani ec- 
tangles up to 100,000 square mils. 


Applications: General purposes—mo- 
tors Class A through F, dry type trans- 
formers, relay coils. An excellent re- 
placement for glass fabric wire. 


Licensed Under Patents Pending. 


PLAIN ENAMEL 


Premium wire at a reduced cost for 
coil work. Size range—10 through 52 
single and heavy. 


Applications: Relays, paper section 
coils, power transformers, low voltage 
automotive coils. Will not exhibit re- 
sistance to physical abuse associated 
with synthetic films. 


* E. I. duPont De Nemours & Co.— Type ML Resin. 


For your magnet wire planning contact Essex for instant assistance 


Fort Wayne, Indiana 


sk MAGNET WIRE ESSEX WIRE CORPORATION 
DIVISION ; : 


National Networ 


mea 
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tT NT Oa Lr) Pu) 
Au a! cl ed 


GE LIFE, HOURS 


AvERA 


NT 


TEMPERATURE °C (1/°K) 
ANGE S7 THERMAL LIFE 


20,000 hours 
at 155°C 


TEMPERATURE “°C [1/°K) 
AMEE S7 THERMAL LIFE 


PY PPELLLIVICEr Ey 


Ly tf] 20,000 hours 


at 105°C t 
SSeS csi: 


————-=— = 
TEMPERATURE °C (1/°K) 
AlMtE 57 THERMAL LIFE 





NEW 


Stromberg- 
Carlson 
lightweight 
telephone 


“ 


... for a wide range of appli- 
cations such as dictating sys- 
tems, mobile radio, carrier 
and microwave. 


These new lightweight Stromberg-Carl- 
son handsets, No. 33 and No. 35, in- 
corporate push-to-talk switches, broad- 
ening the range of their applications. 
Both feature high-gain, high-efficiency 
transmitter and receiver. 

The No. 33 model is furnished with 
a bar-type switch, located on the un- 
derside of the handle. 

The No. 35 handset is furnished with 
a button switch on the side of the 
handle near the receiver end. Also 
available with both button and bar 
switches. 

For technical details and ordering 
information, contact any of these sales 
offices: Atlanta—750 Ponce de Leon 
Place, N.E.; Chicago—564 W. Adams 
Street; Kansas City (Mo.)—2017 Grand 
Avenue; Rochester—1040 University 
Ave.; San Francisco—-1805 Rollins Rd. 


GENERAL DYNAMICS 
TELECOMMUNICATION 
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displacement during rotation. Two 
standard sizes available: 1-MB, 0.700 
in. long x 0.312 in. OD for 0.6-lb 
torque; and 2-MB, 1 in. long x 0.500 
in. OD for 2-lb torque. Special sizes 
available for torques from 0.1 in.-gm 
to 250 in.-oz for shaft sizes from 0.020 
to 0.375 in. OD. Guardian Industries, 
Inc., Coupling Div., 1215 E. Second 
St., Michigan City, Ind. 

Circle 555 on Inquiry Card 


LOW-NOISE TRANSISTOR 


The 2N2049 has a noise figure of 3 db 
max and features high gain and low 
leakage. Collector cutoff current, 10 
nanoamp max. Collector base voltage, 
60 volts. Minimum current gain 60 at 
collector current of 100 pamp and 
collector-emitter voltage of 10 volts. 
Emitter current, 0 amp. Power rating, 
300 mw. Fairchild Semiconductor, 545 
Whisman Rd., Mountain View, Calif. 
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SUBMINIATURE 
LATCHING RELAY 


Type IF magnetic relay provides com- 
plete control of the latching operation 
within the relay itself. Single coil 
models: sensitivity, 75 mw; operate 
time, 8 millisec at +25 C. Two coil 
models: sensitivity, 150 mw per coil; 


operate time, 5 millisec at +25 C. Wet- 
circuit contact load life at 28 volts 
resistive: 100,000, 250,000 and 1 mil- 
lion operations at 3, 2 and 1 amp, re- 
spectively. C. P. Clare & Co., 3101 
Pratt Blvd., Chicago 45. 

Circle 557 on Inquiry Card 


VANEAXIAL BLOWER 
Model VAX-2-MM blower, 2 in. in 


diam, delivers 37 cfm at 1.5 in. water 
back-pressure using 26 volts d-c. Blower 
housing, propeller shroud and _pro- 
peller are black anodized aluminum 


(Continued on page 215) 














BRAND 


TURBOZIP 


military- 
type 
vinyl 
zipper 
tubing 


Now just “zip” it shut... 
this is the fastest, most eco- 
nomical method of jacketing 
your own cables. Two types 
available, both fabricated from 
Brand-Rex military vinyl com- 
pounds... Turbozip 40 for 
low temperature requirements 
(to —67°C), Turbozip - 105 for 
high temperature applications 
(continuous operation at 
105°C). 

For complete information 
and samples, or if you wish, 
technical assistance in select- 
ing the right insulation for 
your application, write or call 


BRAND 


DIVISION OF 


American ENKA Corporation 


SUDBURY ROAD. CONCORD. MASSACHUSETTS 


TELEPHONE: EMERSON 9.9630 
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From Indiana Stee/ Products Division of 
INDIANA GENERAL CORPORATION 


TWT Stacks... Custom Designed or Do-It-Yourself 


Complete PPM TWIT Stacks...Lower Cost 


O57) yaaa aadiaaaaaaaaaa 


Alnico Vill... Lowest Temperature Coefficient 


INDOX°VI-A...Highest Field Strength 


Now, only from Indiana General Corporation, do you have 
a complete choice. 

TWT stacks built to your specifications; specially 
calibrated on a production basis for closer flux den- 
sity, uniform field patterns and lower cost. Another 
plus, more latitude in tube parameters, eliminating 
losses of border line assemblies. 

If you build your own TWTs, select the magnet 
material that meets your needs. Alnico VIII elim- 
inates temperature-compensating elements and 


K 
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shrinks TWT size. Inpox VI-A provides the highest 
coercive force of any commercially available magnet 
material, better resistance to low temperatures, high 
residual induction and peak energy product, plus 
magnetizing before assembly. 


TWT stacks are only one example of Indiana’s 
leadership in magnetic experience, materials and 
equipment, Bring all your permanent magnet assem- 
bly problems to us for fast, efficient solutions. Write 
for Bulletins, describing Inpox VI-A — Alnico VIII. 


INDIANA GENERAL corporation 


INDIANA STEEL PRODUCTS DIVISION, Valparaiso, Indiana 
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All Popular T0-36, 15-Amp POWER TRANSISTORS Compared 


Tests show that internal construction differences of devices on the market 
are responsible for wide variation in junction-to-case thermal resistance (6c) . . . 
prove big difference in device reliability and maximum possible power. 


As every design engineer knows, the maximum power a 
transistor will dissipate and the performance of the device are 
directly related to its capability of removing heat from the 
collector junction ... with the impedance to heat removal be- 
ing the thermal resistance. 

Any transistor with lower thermal resistance will naturally 
permit greater power dissipation, and will insure greater device 
reliability because of the cooler junction temperature at any 
power level. 


KEYS TO LOWER THERMAL RESISTANCE 


Variation in thermal resistance of the TO-36 power tran- 
sistors on the market is due primarily to the differences in two 
internal components — the indium collector and the copper 
pedestal . . . with the major variation resulting from differences 
in the thickness and effective area of the indium collector. 


INDIUM 
COLLECTOR BASE 


PEDESTAL 


CASE 


The thinner the indium through which heat must be con- 
ducted, and the better the heat conductance design of the 
copper pedestal — the lower the thermal resistance. 

Actual measurements of the indium thickness in 15-Amp 
TO-36 transistors from six semiconductor manufacturers 
showed that the indium slab in the Motorola device was from 
17% to 85% thinner than the others... resulting in a com- 
parably lower thermal resistance. 


Manufacturer Indium Thickness 
A 16.0 

*B 4.0 
Cc 11.0 
D 14.0 
E 3.0 
Motorola (#1) 1.5 
Motorola (#2) 1.5 


* Although the indium thickness was comparatively thin, the cross-sectional area 
of the heat path was so small that thermal resistance was greatly increased. 

To avoid the possibility of error in the results of the com- 
parative tests, two methods of determining @:c were used: ... 
by thermal-electric measurement; and by calculation of the 
metallic heat paths using the equation: 


60> V1 L: + Ve Lz: = @sp + Orc 
A: As 


thermal resistivity — Indium 

thermal resistivity — Copper 

indium thickness 

effective area of indium 

pedestal thickness 

= entire pedestal area 

= junction-to- pedestal thermal resistance 
= pedestal -to-case thermal resistance 


Pu ue ue 


Calculated Junction-to-Case Thermal Resistance 
(8c) (Two Motorola devices and one each from 
five other manufacturers) 


DEVICES TESTED 


JUNCTION-TO-CASE THERMAL RESISTANCE — °C/W 


RELATIONSHIP OF THERMAL RESISTANCE 
TO MAXIMUM POSSIBLE POWER DISSIPATION 

Examination of recent data sheets for all the power tran- 
sistors tested showed that the specified maximum thermal re- 
sistance for most TO-36 transistors was established at .8°C/ 
Watt; whereas the specified maximum thermal resistance of the 
standard Motorola TO-36 units is only .5°C/Watt...and the 
typical is .35°C/ Watt. 

The difference in performance resulting from this variation 
in thermal resistance is clearly illustrated in the derating curves 
below based on normal maximum junction temperatures (Ts max) 
of 95°C and 100°C. 

(For comparison, a derating curve is also shown for 
Motorola’s new 2N2075 Series 15-Amp, TO-36 transistors with 
a thermal resistance of .5°C/W and a MAXIMUM JUNC- 
TION TEMPERATURE of 110°C). 


200.0 
170.0 


150.0 


POWER DISSIPATION — Watts 
3 
oO 


95 100 
CASE TEMPERATURE — °C 


If you would like complete design and specification data for 
the low-thermal-resistance Motorola TO-36 devices — contact 
the Motorola Semiconductor District Office in your area, or 
write to the Technical Information Center at the address below. 


AA MOTOROLA Semiconductor Products inc. 


SOOS EAST McODOWELL ROAD PHOENIX 8, ARIZONA 


Circle 226 on Inquiry Card 


A SUBSIDIARY OF MOTOROLA INC, 


ELECTRO-TECHNOLOGY 








NOW... SAVE TIME AND MONEY! 


_ Bvvs:ciaaioial coils, busbars, and field coil 
insulation with G-E Fusa-Fab* semi-cured polyester 
treated glass cloth and tape. High resin content, 
(62°%), eliminates varnish dips and bakes. Fusa-Fab 
Du ea me MTT ett 


15 minutes at 150 C. 





NO SEPARATOR! 
MOLD IT 
WRAP IT 


LAMINATE IT . 









FORM IT 















LATING MATERIALS DEPARTMENT, SE 


max and 250 volts or 1 amp a-c. Ac- 
tuating time, 0.5 millisec and up (de- 


pending on drive) for both. Contact 
9) 


bounce, 2 millisec on normally closed, } 

1 millisec on normally open for both. 

Hamlin Inc.. Lake Mills, Wis. KIRK WOOD 
Circle 559 on Inquiry Card 


BATTERY-POWERED 
SEQUENCE TIMER Steel or Molded Core 


Device provides switch closures and Commutators and Collector Rings 
openings ranging from once every 10 
min to once every 12 hr. A 4.5-volt 
battery will power unit for eight to 12 


months. Accuracy, +10 sec per day ahmed 
over temperature range of +30 to F : 
+140 F. SPDT switch is actuated by a - : ema R 
© ANY SPECIFICATION 


© ANY QUANTITY 


The built-in quality Steel Core Commutator 


assures efficient 


performance 


TT 


‘ 4855 West 130th Street ¢ Clevelanc *5 Ohio 


* 
* 
~“an8 
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All Popular TO-36, 15-Amp POWER TRANSISTORS Compared 


Tests show that internal construction differences of devices on the market 
are responsible for wide variation in junction-to-case thermal resistance (@:c) . . . 
prove big difference in device reliability and maximum possible power. 


As every design engineer knows, the maximum power a 
transistor will dissipate and the performance of the device are 
directly related to its capability of removing heat from the 
collector junction ... with the impedance to heat removal be- 
ing the thermal resistance. 

Any transistor with Jower thermal resistance will naturally 
permit greater power dissipation, and will insure greater device 
reliability because of the cooler junction temperature at any 
power level. 


KEYS TO LOWER THERMAL RESISTANCE 


Variation in thermal resistance of the TO-36 power tran- 
sistors on the market is due primarily to the differences in two 
internal components — the indium collector and the copper 
pedestal .. . with the major variation resulting from differences 
in the thickness and effective area of the indium collector. 


INDIUM 
COLLECTOR BASE 


PEDESTAL 


CASE 


The thinner the indium through which heat must be con- 
ducted, and the better the heat conductance design of the 
copper pedestal — the lower the thermal resistance. 

Actual measurements of the indium thickness in 15-Amp 
TO-36 transistors from six semiconductor manufacturers 
showed that the indium slab in the Motorola device was from 
17% to 85% thinner than the others... resulting in a com- 
parably lower thermal resistance. 


Manufacturer Indium Thickness 
A 16.0 
*B 4.0 
Cc 1 
D 1 
E 
Motorola (#1) 
Motorola (#2) 


*Although the indium thickness was comparatively thin, the cross-sectional area 
of the heat path was so small that thermal resistance was greatly increased. 

To avoid the possibility of error in the results of the com- 
parative tests, two methods of determining 4c were used: ... 
by thermal-electric measurement; and by calculation of the 
metallic heat paths using the equation: 


60 => V1 Li+ Ve L: = sp + Orc 
Ai Ay 


= thermal resistivity — Indium 
= thermal resistivity — Copper 
= indium thickness 
= effective area of indium 
pedestal thickness 
entire pedestal area 
junction -to-pedestal thermal resistance 
= pedestal -to-case thermal resistance 


Calculated Junction-to-Case Thermal Resistance 
(8c) (Two Motorola devices and one each from 
five other manufacturers) 


DEVICES TESTED 


JUNCTION-TO-CASE THERMAL RESISTANCE — °C/W 


RELATIONSHIP OF THERMAL RESISTANCE 
TO MAXIMUM POSSIBLE POWER DISSIPATION 

Examination of recent data sheets for all the power tran- 
sistors tested showed that the specified maximum thermal re- 
sistance for most TO-36 transistors was established at .8°C/ 
Watt; whereas the specified maximum thermal resistance of the 
standard Motorola TO-36 units is only .5°C/Watt...and the 
typical is .35°C/ Watt. 

The difference in performance resulting from this variation 
in thermal resistance is clearly illustrated in the derating curves 
below based on normal maximum junction temperatures (Ts max) 
of 95°C and 100°C. 

(For comparison, a derating curve is also shown for 
Motorola’s new 2N2075 Series 15-Amp, TO-36 transistors with 
a thermal resistance of .5°C/W and a MAXIMUM JUNC- 
TION TEMPERATURE of 110°C). 


200.0 
170.0 


150.0 


@ 
~~ 
w 


POWER DISSIPATION — Watts 
3 
°o 


iS 1 110 
CASE TEMPERATURE — °C 


If you would like complete design and specification data for 
the low-thermal-resistance Motorola TO-36 devices — contact 
the Motorola Semiconductor District Office in your area, or 
write to the Technical Information Center at the address below. 


AA MOTOROLA Semiconductor Products Inc. 


SOOS EAST McDOWELL ROAD PHOENIX 8, ARIZONA 
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NOW... SAVE TIME AND MONEY! 


...0on form-wound coils, busbars, and field coil 
insulation with G-E Fusa-Fab* semi-cured polyester 
treated glass cloth and tape. High resin content, 
(62%), eliminates varnish dips and bakes. Fusa-Fab 
Tolle tema del ieee ee ALL ers) 


15 minutes at 150 C. 


NO SEPARATOR! 


FORM IT . i 5 as : a, Se > > EES ee 
ass 


LAMINATE IT... INSULATING MATERIALS DEPARTMEW 


MOLD IT 
MER AU. ge 













* G-E Trade nome 





G-E Fusa-Fab: EASY-TO-USE, VERSATILE, RUGGED, and ECONOMICAL! 


SAVE TIME: G-E Fusa-Fab can be ma- SAVE MONEY: Fusa-Fab Class B poly- SAVE INVENTORY: Fusa-Fab is armor for field 


chine-wound and cures in 15 minutes ester-treated glass tape replaces con- coils, busbars, and form wound coils, AND can 


Cut your application and baking times ventional varnish dips, yet maintains 


as much as 90% 


SUPERIOR MOISTURE RESISTANCE EXCELLENT ABRASION RESISTANCE: 
L tory tests for insulation Tests show one layer of Fusa- 
Fab is equivalent to a layer of 
glass tape, plus two separate dips 


and bakes using quality varnish. 


TrID OUT HOW G-E FUSA-FAB CAN SAVE YOU TIME AND MONEY 


IND OUT HOW G-E FUSA-FAB CAN SAVE YOU TIME AND MONEY | 
| IN YOUR INSULATION APPLICATIONS. FOR A DATA SHEET AND | 
| SAMPLE STRIP OF FUSA-FAB, WRITE: Insulating Materials Dept., | 


MDA-2, General Electric Company, Schenectady 6, N.Y. 


be made into molded or laminated products such 


high level! of protection. as terminal boards, grommets, and coil spools. 


EASY-TO-USE: Fusa-Fab is avail- CURES QUICKLY: Fusa-Fab cures 
able with or without interliner in 150C ovens for 15-30 min- 
Saves manufacturing time, adapts utes into a hard, tough finish 
easily to automatic winding Actual curing time depends upon 
equipment. application. 


GENERAL 
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FOR BETTER ORGANIZATION 


—a Permanent Binder 
for your Reprint Copies 
ae Ae ae So Wien, Bl of ‘Science & Engineering” 


noise filtering can be provided. Maxi- 
mum current is 1.15 amp at free air 
delivery of 53 cfm. Globe Industries, 
Inc., 1784 Stanley Ave., Dayton 4, 
Ohie. 
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MAGNETIC SWITCHES . 

Series DRG-DT and DRG-DTH norm- 

ally closed reed switches require no 

biasing with magnets. Characteristics 

for DRG-DT and DRG-DTH, respec- | 

tively: contact arrangement, SPDT for $2 50 See Order Form 


on page 155 
= - postpoid 


both; overall length, 3g and 2 15/16 
in.; contact resistance, 25 to 40 milli- 
ohms for both; contact rating, 3 and 
20 watts d-c resistive, 10 and 40 watts 
a-c resistive, 110 volts or 4% amp a-c 
max and 250 volts or 1 amp a-c. Ac- 
tuating time, 0.5 millisec and up (de- 
pending on drive) for both. Contact 
9 


bounce, 2 millisec on normally closed, : 
1 millisec on normally open for both. : 
Hamlin Inc., Lake Mills, Wis. ‘ 

Circle 559 on Inquiry Card ; 


BATTERY-POWERED 

Steel or Molded Core 
SEQUENCE TIMER 
Device provides switch closures and Commutators and Collector Rings 
openings ranging from once every 10 Molded Core Commutators 
min to once every 12 hr. A 4.5-volt a 
battery will power unit for eight to 12 


months. Accuracy, +10 sec per day , me aeaiad ~ i 
ve 


over temperature range of +30 to 


+140 F. SPDT switch is actuated by a 4 mn : bi Ma 
5 Rana ae ‘ 
] © ANY QUANTITY 3 ‘NY ) 

SPN 


Steel Core Commutator 


ca} 


A 
4) 


The built-in fo Troha 
assures efficient 


performance 


6 Bac today for catalogs. 


% 
sa KIRKWOOD COMMUTATOR CORP. 


4855 West 130th Street © Clevelc @) alle 
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Why Die Stamped 


Circuits by 
Dytronics? 


ELECTRICAL 
PROPERTIES 
UNIMPAIRED 


Die stamped circuits are 
produced by a dry tech- 
nique which employs a 
heated metal-cutting die to 
delineate the conductor 
pattern and bond it to the 
base material by activating 
the adhesive between the 
metal foil and the insulat- 
ing material. 

The electrical properties 
of the base material are 
unimpaired, because no 
chemicals are used, and 
there is no adhesive 
residue or residual metal 
on the insulating surfaces. 
This gives the designer the 
advantage of selecting base 
materials for physical and 
electrical properties with- 
out considering chemical 
resistance. 

A new booklet, “Design- 
ing with Dytronics Die 
Stamped Circuits,” will 
help you evaluate and 
design with die stamped 
Write for your 
iree copy today. 


a 
Dijtromics 


circuits. 


ROCHESTER 37, MICH. 


A subsidiary of Taylor Fibre Co. 
* Norristown, Pa. 
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cam mounted on the output shaft. Cams 
are available with one to four or six 
lobes. Geodyne Corp.. 180 Bear Hill 
Rd., Waltham 54, Mass. 


Circle 560 on Inquiry Card | 


INFINITELY-VARIABLE-SPEED 
TRANSMISSIONS 

Units provide speeds from any desired 
maximum down to zero and into re- 
verse. Speeds can be changed with the 
transmission either running or station- 


| ary. Built-in overload protection pre- 


vents damage to driven machine or 
transmission. Available in sizes from 
1/6 to 1% hp. Graham Transmissions, 
Inc., Menomonee Falls, Wis. 

Circle 561 on Inquiry Card 


HIGH-CURRENT SILICON 
TUNNEL DIODES 
Types HT-25, HT-26 and HT-27 diodes 
feature peak current values up to 4 
amp, output voltages up to 0.8 volt 
and typical switching times of 5 nano- 
sec. Peak current tolerances are +10 
per cent, with a temperature coefficient 
of +0.04 per cent/deg C. Operating and 
storage temperature range, —85 to 
+-200 C. Special units available with 
peak current values or tolerances in 
the 0.001- to 5-amp range. Hoffman 
Electronics Corp., Semiconductor Div.. 
1001 No. Arden Dr., El Monte, Calif. 
Circle 562 on Inquiry Card 


TRANSISTOR TIMER 


Series 308 miniature unit for time con- 
trol of laboratory and industrial proc- 
esses has life estimated io be 500 
million operations. Timing network has 
no moving parts or tubes. Filtered 
power supply operates DPDT mercury- 
wetted relay. Load contact rating, 5 
amp at 115 volts a-c, non-inductive. 

(Continued on page 218) 


DELCO 
VICONDUCTORS 


« 


Boston: 
GREENE-SHAW COMPANY, INC. 
341-347 Watertown St., Newton 58, Mass. 
WO 9-8900 


New York: 
HARVEY RADIO CO., INC. 
103 West 43rd St., New York 36, N. Y. 
JU 2-1500 


Chicago: 
MERQUIP ELECTRONICS, INC. 
5904 West Roosevelt, Chicago, Illinois 
AU 17-6274 


Detroit: 
GLENDALE ELECTRONIC 
SUPPLY COMPANY 
12530 Hamilton Ave., Detroit 3, Michigan 
TU 3-1500 


Philadelphia: 
ALMO RADIO COMPANY 
913 Arch St., Philadelphia, Pennsylvania 
WA 2-5918 


Baltimore: 
RADIO ELECTRIC SERVICE 
5 North Howard St., Baltimore, Maryland 
LE 9-3835 


Los Angeles: 


RADIO PRODUCTS SALES, INC. 
1501 South Hill St., Los Angeles 15, Calif. 
RI 8-1271 


San Francisco: 
SCHAD ELECTRONIC SUPPLY, INC. 
499 South Market St., San Jose 13, Calif. 
CY 7-5858 


Seattle: 


C&G ELECTRONICS COMPANY 
2221 Third Avenue, Seattle 1, Washingto: 
MA 4-4354 


Ask for a complete catalog 


IDELCO 
FRADIO 


ELECTRO-TECHNOLOGY 





HOW TO GET THE POWER TRANSISTORS YOU NEED? 


JUST ASK DELCO. For even though our catalog lists only a handful of germanium power transistors, there is 
Only a handful out of all those ever catalogued that we don’t make. And those only because nobody ever asked 
for them. a 

We’ve made, by the millions, both large and small power transistors. Both diamond and round base. Both industrial 
and military types. And each in a wide variety of parameters that have proved themselves reliable in nearly every 
conceivable application. 

You get Delco transistors fast. You get Delco transistors in any quantity. And for all their high reliability, you get 
them reasonably priced. All you have to do is contact our nearest sales office—and ask for them. 


Union, New Jersey Santa Monica, California Chicago, Illinois Detroit, Michigan PB) ty Division of 


324 Chestnut Street 726 Santa Monica Blvd. 5750 West 51st Street 57 Harper Avenue * General Motors 
MUrdock 7-3770 UPton 0-8807 POrtsmouth 7-3500 TRinity 3-6560 A D i O Kokomo, Indiana 


DECEMBER 1961 Circle 230 en Inquiry Card 





Timer requires 115 or 230 volts a-c. 
Automatic Timing & Controls, Ine. 
King of Prussia. Pa. 

Circle 563 on Inquiry Card 


SOLENOID ACTUATORS 


Explosion-proof solenoid actuators for 

use in hazardous locations are suitable 

for Class 1 (Group D) and Class 2? 
A Product Of (Group F and G) applications. They 
Sangamo Electric Company 


Springfield, Illinois 


MOSTATIC. GIMETA 


Actuates Another 
Precision Product 


Lincoln 
J3TS Demand Meter 


Thermal Demand Meters are used extensively by electrical utilities. 
The simplicity and dependability of Sangamo Electric Company’s 
Thermal Demand Meters make them outstanding in the field of de- 
mand measurement. 


The thermal meter measures load with an inherent time interval and 
a response curve which is based on the heating effect of the load 
rather than on counting watt hour meter disk revolutions. 


Sangamo Thermal Demand Meters are recognized for their excellent 
accuracy, the result of the simplicity of design. There is only one 
moving part: the shaft with pusher pointer attached. The shaft is 
turned as the result of the deflection of two bimetal coils (above) 
which measure the temperature difference between two electrical 
heaters (when two heaters create a heat input difference, the two 
enclosures develop a temperature difference proportional to the 
load). The bimetal coils convert the temperature difference into 
pointer deflection, giving an accurate, average measurement of de- 
m2znd. Ambient temperatures create no inaccuracies, because the two 
bimetal coils are carefully matched and counterbalance each other 
as ambient temperature changes. The heaters are also accurately 
matched; and the enclosures are made of thermal insulating material. 


The bimetal coils are precise, carefully selected, matched and stress 
relieved. The accuracy of these fine Sangamo Meters depends on 
the W. M. Chace Company’s reputation for quality bimetal produced 
to exacting specifications. Companies large and small, the world over 
have come to depend on Chace as a result of the utter dependability 
of its only product: Chace Thermostatic Bimetal. 


Sead Wow For Our New "Information Gooklet”/ 


It contains many well illustrated pages of valuable design data and 
examples of successful applications of bimetal! More than 40 types 
-of Chace Thermostatic Bimetal are available in coils, strips and 
completely fabricated elements of your design. 


W.M. CHACE CO. 
BETS Vall VET oft Voll 
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are for momentary and maintained con- 
tact, pilot-operated air-control valves. 
Explosion-proof valves feature com- 


| pact design, leakproof construction and 


large air-flow capacity. Bottom-ported 
bases, bottom- and side-ported bases, 
and integral speed-control sections are 
available. Hannifin Co., Dept. 722, 501 


So. Wolf Rd., Des Plaines, Ill. 
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MINIATURE 
PNEUMATIC TIMER 


Model 90 time-delay relay is 11% in. 
sq and weighs less than 1 oz. Built for 
5 million actuations. Assembly is flush 
mounting, but comes equipped with 


universal-mounting bracket. Time range 
is adjustable from 0.2 to 15 sec. Re- 
peat accuracy, +10 per cent. Switch 
contacts rated at 10 amp. Operating 
temperature range, +32 to +120 F. 
Hagen Mfg. Co., 104 Walnut St., Bara- 
boo, Wis. 
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SUBMINIATURE RELAYS 


Crystal-can Models M240, M230 and 
M232 are. respectively, a DPDT, 2-amp 


sensitive relay with 40-milliwatt power 
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Tomorrow's tubing technology—today 


Select Superior glass sealing alloy tubing 
from 10 analyses in precision cut lengths 


Superior offers a choice of 10 different analyses in glass sealing 
alloy tubing. You can get iron-nickel-cobalt alloys, +4 alloy, 
#52 alloy, #42 alloy, MT-1010 carbon steels, Types 446, 430 
and 430Ti stainless steels, OFHC copper and titanium tubing— 
all made to extremely close tolerances and cut to extremely 
precise lengths for both glass and ceramic-to-metal seals. The 
principal factor governing the selection is the coefficient of 
expansion of the metal in relation to that of the glass in the seal. 


We offer tubing for virtually any coefficient of expansion and of 
good strength, thermal conductivity, oxidation and corrosion 
resistance. Also it has the advantage of being easy to fabricate 
and machine. 


Superior glass sealing alloy tubing is produced in ODs from 
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-012 through 1.125 in., in Seamless and Weldrawn® types, in 
random or cut lengths, in fully annealed, half-hard and full- 
hard tempers. Complete information, including chemical com- 
position, mechanical and physical properties, expansion 
curves and tolerances available are contained in Data Mem- 
orandum No. 15. Write for a copy today. Superior Tube 
Company, 2503 Germantown Ave., Norristown, Pa. 


Superior Tube 


The big name in small tubing 
NORRISTOWN, PA. 


West Coast: Pacific Tube Company, Los Angeles, California 
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FR ROISTOR 


METAL FILM RESISTORS 
OFFER 5 DISTINCT 
TEMPERATURE COEFFICIENTS 
TO MEET ALL 
CIRCUIT REQUIREMENTS 


RUGGED END-CAP CONSTRUCTION 
FOR LONG TERM STABILITY 


EXCEPTIONAL RESISTANCE TO 
MOISTURE AND MECHANICAL DAMAGE 


SURPASS MIL-R-10509 
PERFORMANCE REQUIREMENTS 


ee @ 


Providing close accuracy, reliability and stability with low 
controlled temperature coefficients, these molded case 
metal-film resistors outperform precision wirewound and 
carbon film resistors. Prime characteristics include minimum 
inherent noise level, negligible voltage coefficient of resist- 
ance and excellent long-time stability under rated load as 
well as under severe conditions of humidity. 

Close tracking of resistance values of 2 or more resistors 
over a wide temperature range is another key performance 
characteristic of molded-case Filmistor Metal Film Resis- 
tors. This is especially important where they are used to 
make highly accurate ratio dividers. 

Filmistor Metal Film Resistors, in 4%, %4, % and 1 watt 
ratings, surpass stringest performance requirements of MIL- 
R-10509D, Characteristics C and E. Write for Engineering 
Bulletin No. 7025 to: Technical Literature Section, Sprague 
Electric Co., 307 Marshall Street, North Adams, Mass. 


For application engineering assistance write: 
Resistor Division, Sprague Electric Co. 
Nashua, New Hampshire 


St: 


THE MARK OF RELIABILITY 


SPRAGUE 
COMPONENTS 


RESISTORS PIEZOELECTRIC CERAMICS 
CAPACITORS PULSE-FORMING NETWORKS 
MAGNETIC COMPONENTS HIGH TEMPERATURE MAGNET WIRE 
TRANSISTORS CERAMIC-BASE PRINTED NETWORKS 
INTERFERENCE FILTERS PACKAGED COMPONENT ASSEMBLIES 
PULSE TRANSFORMERS FUNCTIONAL DIGITAL CIRCUITS 
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‘Sprague’ and ‘@ are registered trademarks of the Sprague Electric Co. 


operating requirements: a DPDT, 2- 
amp hermetically sealed lightweight 
magnetic latch and a non-latching po- 
larized version of the M230. The follow- 
ing data are for M240: coil data, 
nominal operating current is 6.5 amp 
d-c; maximum operating current is 13 
amp d-c; maximum pickup current, 
3.2 amp d-c; maximum dropout cur- 
rent, 1.6 amp d-c; minimum dropout 
current, 0.32 amp d-c; coil resistance, 
4000 ohms +10 per cent. M240: 
ambient temperature, —65 to +-125 C; 
minimum operating cycles, 100,000; 
operate time, 0.006 sec max; release 
time, 0.006 sec max; contact bounce 
time, 0.002 sec; continuous duty contact 


rating, 26.5 volts d-c at 2 amp resistive 
£ I 


or 1 amp inductive, 115 volts a-c at 2 


amp resistive. Leach Corp., 717 No. 
Coney, Azusa, Calif. 
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MINIATURE SOLENOIDS 


Devices show response time of 1500 
to 2000 psec while actuating 1 lb over 
0.015 in. on power input of 20 to 25 
watts, 3 to 6 volts d-c. Wahlgren Mag- 
netics Div., Marshall Industries, 1900 
Walker Ave., Monrovia, Calif. 
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SIX-SPEED DRIVE 


“Selectro-Shift” is available in 20, 25, 
30 and 40 hp ratings and operates off 
hydraulic clutches activated by electric 
solenoids which shift the drive to any 


| speed while running under full load. 


Control is from an electric pushbutton 
station. May be operated forward or 
reverse in all six speeds. The Lima 
Electric Motor Co., Inc., Lima, Ohio. 
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Laboratory and Engineering 


Equipment starts on page 222 
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Presenting Bourns Trimpot® Model 3300- “"" 


20—NEW PRODUCT SERIES 


The Only Potentiometer with All These Features: 


(1) Smaller-than-transistor size—just 5/16” dia. x 3/16”. 
(2) Resistance from 502 to 20K. 


(3) Full compliance to MIL Specs for cycling humidity, sand, 
dust, salt spray, fungus (meets MIL-STD-202, MIL-E-5272). 


(4) Positive end stops. 
(5) Precious-metal contacts. 


(6) Sealed lightweight plastic case (no shorts to the board). 


(7) Industry-standard pin arrangement. 
(8) Exclusive Silverweld® multi-wire termination (virtually inde 


structible under thermal or mechanical stress). 


The single-turn, 0.5 watt Model 3300 is as tough as it is tiny. 
It stands up to 175°C heat, 30G vibration and 100G shock. Its 
quality is checked by 100% inspection and double-checked by 
the rigid Bourns Reliability Assurance Program. In every unit, 
the performance you specify is the performance you get. 


Production quantities available immediately with either printed 
circuit pins or solder lugs and bushing mount. Write for com 
plete data. 


l pourRNS 


- 


BOURNS, INC... TRIMPOT DIVIGION 

6138 MAGNOLIA AVE RIVHR SIDE CALIF 

PHONE: OVERLAND 4-+1700 > TWX: RZ9222 
CABLE: BOURNSINCG 


Manufacturer: Trimpot® potentiometers; transducers for position, pressure, acceleration. Plants: Riverside, California; Ames, lowa; and Toronto, Canada 
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Laboratory and 
Engineering Equipment 


COMPONENT HEATER 


The “Thermo-Probe” Model 35 com- 
ponent heater provides bench-top tem- 
perature testing of circuits and compon- 
ents. Probe tips fit the components to 


be heated; tips are controlled to set 
temperature within +3 deg C. Tem- 
perature stability is +0.5 C. Two in- 
terchangeable probes, with 35 and 9 
watt heaters, allow optimum heater 
choice. Standard tips fit TO-3 and 
TO-5 transistor cases. Kennedy Co., 
2029 North Lake Ave., Altadena, Calif. 
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TEMPERATURE-HUMIDITY 
CHAMBER 


Model TMTH0200 temperature-humid- 
ity environmental test unit provides a 
test space of 5.1 cu ft. Unit performs 
MIL-E-5272C, MIL-STD-202B and 
MIL-STD-170 testing, provides tem- 


peratures from 0 to 200 F and relative 
humidity from 20 to 95 per cent in 
the dry bulb range, limited by the +35 
to +185 F dew point. Work space is 
21 x 25 x 17 in.; exterior measures 
26 x 62 x 33 in. Optional accessories 
include window, light, windshield 
wiper, terminals and ports. Tenney 
Engineering Co., Inc., 1090 Springfield 
Rd., Union, N. J. 
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TRANSIENT-VOLTAGE 
INDICATOR 


A battery-powered transient indicator is 
self contained, will detect and record 
occurrence of voltage pulses to 1 psec. 
Includes indicator light with memory 
feature permitting unattended opera- 


tion. A selector switch provides two 
voltage ranges: 0 to 200 volts at +5 
per cent full-scale accuracy and 0 to 
2000 volts at accuracy of +2 per cent 
full scale. Input impedance is 5 pf in 
shunt with 1 megohm, both ranges. 
Vapor Heating Corp., 6444 W. Howard 
St., Chicago 48. 
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BAR-CHART RECORDER 


A desk-top device monitors and records 
efficiency of utilization of up to 40 
production or data-processing machines. 
Unit operates remotely and provides 
information on a continuous bar chart. 
Every 20 sec the recorder samples and 
graphically records each machine’s 
performance. Available with charting 
times of 9, 17, or 24 hr per chart. Basic 
units of recorder are a rotating drum, 


inkless chart with 40 vertical bars and 
stylus. Electronic Associates, Inc., Long 
Branch, N. J. 
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THERMAL WIRE STRIPPER 


Model G-1 miniature wire stripper re- 
moves insulation from small-gage wire 
in restricted space. Unit strips high- 
temperature insulation as well as lower- 


melting materials such as vinyl and 
polyethylene. For use on wire gages 
from 16 to 40 AWG or smaller. Con- 
tinuously variable heat control allows 
regulation of filament temperature for 
any type of insulation. Western Elec- 
tronic Products Co., 2420 North Lake 
Ave., Altadena, Calif. 
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SOLDERING IRONS 


A 120-volt soldering iron, the “Penline- 
120,” is for production line operation 
in electronics and allied industries. A 
30-watt iron is available with 3/16- and 


9/32-in. chisel tips, and a 50-watt unit 
features a 3£-in. chisel tip. A 40-watt 
tip holder and heater includes 20 dif- 
ferent ironclad and copper tips. Gen- 
eral Electric Co., Schenectady 5, N. Y. 
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DUAL-RANGE 

ELECTRONIC WELDER 

Model 1059 solid-state, capacitor-dis- 
charge welder power supply has full- 
circuit switching for each of two ranges. 
Maximum versatility achieved by 
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fora 
>> superior 
r? paint base 
on light 
metals 


you need IRIDITE) 


PROCESS ENGINEERED CHROMATE CONVERSION COATINGS 


eaves 1 Iridite protects against high altitude weather extremes and 


COMPANY against corrosion by hydrocarbon fuels, such as gasoline and 


oh Tena 


kerosene. 
<2> lridite provides a highly protective non-porous paint base. 
<> lridite protects against corrosive storage conditions. 


LOCKHEED ELECTRA 


And, lridite gives you these additional advantages: 


ON ALUMINUM—needs only normal pre-cleaning. Film withstands cold 
forming or bending. Easily heliare welded. Unusually low electrical 
resistance. Clear, yellow or dye-colored finishes. 


ON MAGNESIUM—short immersion, room temperature solution, no 
electrical equipment. Corrosion protection relatively unaffected by high 
drying temperatures. Applicable to all alloys. Low electrical resistance. 
Color ranges from light gray to dark brown. 


IRIDITE—a_ specialized line of chromate conversion 
coatings for non-ferrous metals. Easily applied at room 
temperatures with short immersion, manually or with 
automatic equipment. Forms a thin film which becomes 
an integral part of the metal. Cannot chip, flake or peel; 
special equipment, exhaust systems or highly trained 
personnel not required. 


CONVAIR- lridite is approved under government and industrial specifications. 
Ma ASTRONAUTICS 
pnctiedl 7 


For complete information on Iridite, contact your Allied 
Field Engineer. He's listed under “Plating Supplies” in the 
yellow pages. Or, write for FREE TECHNICAL DATA FILES. 


Allied Research Products, Inc. 


4004-06 EAST MONUMENT STREET © BALTIMORE 5, MARYLAND 


Affiliated operations in principal countries 
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AN A CRYSTAL_GCAN® TYPE 
aa“ 


j 


Packed into this Struthers-Dunn FC-215 DP-DT relay is reliability here- 
tofore unattained in a tiny sealed can unit for heavy duty power service 
under critical ground and air uses up to 125° C. 

Designed to meet or exceed MIL-R-5757D, MIL-R-6106C and the super- 
seded MIL-R-25018 requirements. Assembled under rigid environmental 
conditions. Laboratory checked and quality controlled throughout. 

Contacts rated for 10 ampere DC operation. Standard coils rated 26.5 
volts DC nominal with 400 ohms coil resistance. Others available. Hook or 
wire lead terminals available on 0.2 grid-spaced headers. 


Write for Dunco Data Bulletin FC-215 
to Struthers-Dunn, Inc., Pitman, N. J. 


All-welded internal 
Construction ———_—~ 


. . . assures reliable operation 
under 30G vibration to 2000 
cycles and 50G shock. 


STRUTHERS- DUNN 


PIONEERS OF SPACE AGE RELAY DEPENDABILITY 
Sales Engineering Offices in: Atlanta ¢ Boston @ Buffalo © Charlotte ¢ Chicago e Cincinnati e¢ Cleveland « Dallas 
Dayton ¢ Denver © Detroit ¢ High Point © Kansas City e Los Angeles © Montreal ¢ New York e Oriando 


Pittsburgh ¢ St. Louis ¢ San Carlos © Seattle © Toronto e Export: Langguth-Olson Co., New York 
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switching from a range of 0.04 to 9 
watt-sec to a range of 0.2 to 45 watt- 
sec, as required. Output is maintained 
within +1 per cent for voltage-regu- 
lated input variation between 100 and 
130 volts a-c. Discharge time is ap- 
proximately 1 millisece. Weldmatic Div., 
Unitek Corp.. 950 Royal Oaks Dr., 
Monrovia, Calif. 
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OSCILLOSCOPE PHASE SCALE 
Oscilloscope accessory permits direct 
readout of phase relationship between 
any two synchronous waveforms. Trans- 
parent scale replaces standard grid- 


type CRT reticule. A scale on the ver- 
tical axis, calibrated in deg, permits 
direct readout of phase relationship 
between signals impressed on X and 
Y axes. Illustration shows phase angle 
of 10 deg. Scale eliminates conven- 
tional square counting, slide-rule ma- 
nipulation and reducing the resultant 
data. Walker Pacific, P. O. Box 2242, 
La Puente, Calif. 
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MICROWAVE POWER METER 

Model 450 features direct-reading ac- 
curacy of +0.5 per cent of every scale. 
Thermal stability better than 2 pw 
per deg C. Will operate with any 100- 
or 200-ohm uncompensated thermistor 
or barreter mount requiring maximum 
bias currents to 16 ma. Measurements 
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SPECIALISTS IN ELECTRIC 


1/100 to 60 HP 


Sy /: TOP NAME BRANDS 


CRE & EP Wasner 


versatile, | | SS | | 
long-life \ } — 


pilot Hight available... “ab , 
Sera 4000 Items in Stock 


add light to the life of your product! 
EXHAUST FANS 


PROMPT DELIVERY. Warehouses 
sands of peak operating hours. STYLING—every re- SS and sales offices coast-to-coast (see list 
quirement covered with wide variety of lens colors 7 La below.) All fully stocked for pick-ups or 
and shapes, lens imprints, ring finishes, etc.; adds ya aa 


24-hour shipping service. 
beauty to any product. SIMPLIFIES PRODUCTION— 
“a \piich. hole needed—mounts with push-on a VEL aie SALESMEN at each office available for 


speed nut or snap-fits into your panel ...and SERV- MR aiaiiawe help and guidance. 


ICE—units made to your requirements, delivered to | 

meet your production schedules... quantities from amine WHOLESALE ONLY. Free net price 

stereo POWER TOOLS catalog sent only when requested on 
- Mas letterhead. No consumer requests hon- 
FREE: omni-Glow catalog, with detailed in- coach. CARA. ethene tor quentite heuer. 


formation and specifications, and a sample OMNI- : 

GLOW. Write to us directly, or use the reader 212 PAGE CATALOG and buying 

service card. guide. Includes detailed descriptions 
on over 4000 items. Lots of tech- 
nieal and application data. Request 


your free copy. 


68 GRAINGER WAREHOUSES 


WRITE OR PHONE 


LONG LIFE—usually outlasts the equipment on which 
_ it is used: Vibration proof, shock proof—gives thou- 


Industrial Devices, Inc. 


EDGEWATER 11, NEW JERSEY 
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Coto-Cals 


coTOo-COiL CO., 


Cols for Contact Capsules 


Write for Bulletin and Prices 


INC., 63 Pavilion Avenue, Providence 5, R. | 
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WIRE/CABLE STRIPPING 


MACHINES 


Cut costs 1/3 of more with 

high-speed, machine  strip- 
ping. SPEEDCRAFT 
fully automatic, brush- 
type, and air-type ma- 
chines are precision-built 
and backed by over 30 
years’ specialized experi- 
ence. Proved-in-use de- 
signs, quality features 
throughout. Complete 
line includes an econo- 
mical machine for every 
stripping need. For 
prompt, accurate reply, 
send 3-foot sample and 
brief details 


ALABAMA 

BIRMINGHAM 4e 701-6th Ave. N. 
ARIZONA | 

PHOENIX e 1022 N, 21st Ave. 
ARKANSAS | 

LITTLE ROCK e 1805 Scott St. | 
CALIFORNIA | 

FRESNO 2¢ 101 Van Ness Ave. | 

LOS ANGELES 33¢ 1401 E. 3rd St. 

OAKLAND 7 2200 Adeline St. 

SAN DIEGO 16144 W. Market St. 

SAN FRANCISCO 10519 Potrero Ave. 
COLORADO 

DENVER 40695 Bryant St. 
CONNECTICUT 

WEST HARTFORD e 201 Dexter Ave. 
DISTRICT OF COL. 

WASHINGTON 18 e 1860 Adams, N.E. 
FLORIDA 

JACKSONVILLE 6035 W. 12th St. 

MIAMI 37¢ 2727 N.W. 2nd Ave. 

TAMPA 6 1509 Cypress St. 
GEORGIA 

ATLANTA 16¢ 1046 Memorial Dr., S.E. 
ILLINOIS 

CHICAGO 12¢ 2330 W. Adams St. 

MELROSE PK. 1660 N. Mannheim Rd. 
INDIANA 

INDIANAPOLIS 201714 E. Riverside 

SOUTH BEND 181133 So. Main St. 
IOWA 

DAVENPORT e 1215 E. River St. 

DES MOINES 14°66 Washington Ave. 
KANSAS 

WICHITA 51201 N. Mosley St. 
KENTUCKY 

LOUISVILLE 3¢ 120 S. 12th St. 
LOUISIANA 

NEW ORLEANS 25 4513 Eve St. 

SHREVEPORT e 2031 Texas Ave. 
MARYLAND 

BALTIMORE 30800 S. Hanover St. 
MASSACHUSETTS 

BOSTON 3584 Lincoin St. 
MICHIGAN 

DETROIT 301701 E. Mc Nichols Rd. 

GRAND RAPIDS 3545 Grandville S.W. 
MINNESOTA 

MINNEAPOLIS 4e 1818-4th St. S. 
MISSOURI 

KANSAS CITY 8 1629 Srceduny 

ST. LOUIS 6 160i N. 7th St 





NEBRASKA 
OMAHA 10e 1531 N. 18th St. 
NEW JERSEY 
NEWARK 2¢355 Mulberry St. 
NEW YORK 
ALBANY 6¢20 Colvin Ave, 
BUFFALO 4¢105 Ash St. 
HICKSVILLE, L. |. 41 Bloomingdale Rd. 
NEW YORK 13¢533 Canal St. 
ROCHESTER 4e 42 Scio St. 
SYRACUSE 6e Tarbell Rd. 
NORTH CAROLINA 
CHARLOTTE 31216 S, Mint St. 
OHIO 
CINCINNATI 6@ 2400 May St. 
CLEVELAND 142150 Hamilton Ave. 
COLUMBUS 15¢ 400 E. Livingston Ave. 
DAYTON 2¢222 Washington St. 
TOLEDO 2¢520 Southard St 
YOUNGSTOWN 2e 16 Pyatt St. 
OKLAHOMA 
OKLAHOMA CITY 20316 E. Grand Ave. 
TULSA 19¢1738 S. Boston Ave. 
OREGON 
PORTLAND 17¢ 2410 N. Mississippi 
PENNSYLVANIA 
ALLENTOWN e723 E. Green St. 
PHILADELPHIA 4¢3215 Spring Garden 
PITTSBURGH 13812 Penn Ave. 
RHODE ISLAND 
PROVIDENCE 5236 Georgia Ave. 
TENNESSEE 
KNOXVILLE 17¢3528 Broadway N.E. 
MEMPHIS 3¢ 339 So. Front St. 
NASHVILLE 4¢ 210-17th Ave. N. 
TEXAS 
DALLAS 10¢ 2425 Ferris St. 
EL PASO 1100 E. Missouri St. 
FT. WORTH 301119 W. 5th St. 
HOUSTON 14¢1409 St. Emanuel St. 
SAN ANTONIO 20606 E. Crockett St. 


TAH 

SALT LAKE CITY 160527 No. 3rd W. 
VIRGINIA 

NORFOLK 8835 W. 44th St. 

RICHMOND 20¢ 1427 W. Cary St. 
WASHINGTON 

SEATTLE 44¢ 2001 Grand St. 

SPOKANE 1¢W. 22 Main Ave. 
WEST VIRGINIA 

CHARLESTON e 1037 Central Ave. 
WISCONSIN 

MILWAUKEE 4¢ 136 E, Walker St. 


W Ww. RAINGER. INC. 


Dept. 219-E, GENERAL OFFICES, CHICAGO 12 


WIRE STRIPPER CO. 


1729 Eastham Avenue, Cleveland 12, Ohio 
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Solve your 

HEAT - TRANSFER 

Problems 
—Analytically— 


through proper Fin Design... 
possibly with substantial 
savings in product cost 


@ All the technical data you'll need for making an ex- 
tended-surface heat-flow analysis and for developing an 
optimum design are contained in the new Etectro-TEcu- 
NoLocy design compendium —just off press: 


‘“Heat-Flow Theory and Extended Surfaces 
for Heat Transfer” 


This 72-page combined reprint brings together in one 
handy reference volume the popular five-article fin-design 
series by Allan D. Kraus and other related articles by the 


same author. 


The analytical approach to heat-exchanger, extended- 
surface design presented in this compendium leads to far 
more efficient results than the usual handbook methods, 
which do not reveal the frequently very real advantages 
of one fin shape over another, or the conditions under 


which the use of extended surfaces is impractical. 


Heat-flow principles and relationships that are essential 
to fin design are presented in “Heat-Flow Theory,” which 
originally appeared in 1959 as an S&E insert (yellow 
pages) by the same author. These principles are also 
fundamental to all other thermal-factor design problems. 
A review of Bessel and gamma functions and recurrence 
relationships, necessary for heat-flow and many other 
design problems, is included in this reprint, together with 
function tables. 


Add 3% sales tax for 
New York City delivery 


Price: $3.00 


To order, use handy form on page 155 


| 
| 
| 


ates rina neg ata seme omen eal 


may be made from 0.5 pw to 10 mw. 
Five scales provide readings of 0.1, 
0.3, 1.0, 3.0 and 10 mw. General Micro- 
wave Corp., 47 Gazza Blvd., Farming- 
dale, N. Y. 
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MINIATURE RATIO BOX 


Model RB-521 ratio box is an auto- 
tapped transformer offering a_ ratio 
range of 0 to 1.111 at 50 cps to 3000 
cps, with an accuracy of 10 ppm. Uses 


aoe 


inductive voltage divider and summa- 
tion techniques to achieve accuracy. 
The unit tests synchros, resolvers, and 
other components in which determina- 
tion and setting of null condition is 
critical. Input impedance is above 30 
k ohms; output is 3 ohms at 400 cps; 
operates over frequency of 50 to 3000 
cps. North Atlantic Industries, Inc., 
Plainview, N.Y. 
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TEMPERATURE CHAMBER 


Model 1060B, large-volume, low-gradi- 
ent unit, has temperature profile char- 
acteristics suitable for testing large as- 
semblies where temperature variation, 
including gradient, control variations 


and drift should not exceed i C. Test 
volume, 6 cu ft. Special fixtures avail- 
able for testing large quantities of 
small components. Temperature range, 
100 to +500 F. Delta Design, Inc., 

3163 Adams Ave., San Diego, Calif. 
Circle 579 on Inquiry Card 


See Product Index for this issue 
on page 228 
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bya oe ALLIANCE 


1. New Low Cost Synchroneus Motor 
“JSY 1101"°—Has hysteresis features at 
shaded pole price. Constant speed for phono- 
graphs, tape recorders, chart drives, timing 
A 

Mele ee pole motor for type- 
MTC SUC SORUE CUO Ce 

Kee MM ea SC Tm eee COL es La 
OCT m am Se mC Le Om 


CR OMS 0) eee SILO 
TEU SLCC Oe 


5. “JS” Motor—Proven dependability! For 
MCA SMC LMC 
es 


For the industrys most complete line of Sub-Fractional HP Motors 


Alliance, world’s largest producer of sub-frac- nn oan 
Model Voltage Torque Torque s Input | Weight 


tional HP motors, offers the widest choice of standard onlin, | ors. =| RPM | Amps | Watts | | 
and custom models, faster service, more for your money. JSY 1101 | 117 | 1.0 | O.4(pullin) [3600 | 285 | 18 | Ib. 14 oz. | 
Used in leading makes of phonographs, tape recorders, ‘iv li? | 65 (80 | 3250 | 1.20 | 77 _|3 1b. Tox. | 
appliances, business machines, animated displays and H pay 10 | 40 [2500 | 310 | 17 [1 Ib. oz. 


other products—all can be customized to your own | | iT | 225 | 165 12-14 | 490 | 25.5 [1 Ib. 7oz. | 
specifications. (Js | tT | 178" [2-70 2900 | 570 | 29 frie. 2oz. 


Write for complete catalog—price quotations upon request ALLIANC E 
The Alliance Manufacturing Company, Inc., Alliance, Ohio 

(Subsidiary of Consolidated Electronics Industries Corp.) MOTORS 
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fractional hp motor users... 


Celebrating 
The First 25 Years... 


ILL CUA 


And a planned future 
built on Reliability, Sta- bie 
bility, Dedicated Serv- 
ice and continued 
pride in every coil , 
winding that bears CHATILLON absorption dynamometer 
the Dano You have to know precise torque to know exactly how a 
motor will perform in the field. The new Chatillon 1200 


trademark. Series Absorption Dynamometers will tell you quickly .. . 
easily . . . accurately. 

Exclusive Torque Turret . . . automatic 
transfer over 3 successive ranges. 

Exclusive Low Inertia hysteresis brake 
. . . reduces starting torque . . . improves 
high speed performance. 

Technical Bulletin No. 1200 gives full 
design data. Send for your copy today. 
Write to John Chatillon & Sons, 87 Cliff 
Street, New York 38, N.Y... . telephone 
BEekman 3-2552 (Area code 212) 


THE DANO ELECTRIC COMPANY 


Winsted, Conn. LCM AClAS MLM AclAa Miulete kali letaL 


93 Main St. ae - 
Manufacturers of one force measuring 
| since 1835 instruments and precision springs. 
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EVEL 


every 


Shaded pole motor—use alone or 
as backbone for 


geared motor 


AY ---------- 


Brevel meets 


unusual 


specifications 
for small motor 
applications 


Your new appliances get into 
producticn — and to market — 
faster, at lower cost when 
BREVEL supplies your mo- 
tors. Chances are we have a 
suitable design! 


You can rely on BREVEL’s 
experienced specialization to 
design, engineer, and volume- 
produce precision motors that 
give consistently superior serv- 
ice at low cost. 


Our representatives cover ev- 
ery part of North America 
from local offices. Write, wire, 
phone now . and find out. 


BRE 


BREVEL PRODUCTS CORP. 


Series S 
Open Spur 
Gear Motors 


Series W 
Open Worm 
Gear Motor 


Z 


NEW Series FB 
enclosed Helical £* @ 
gear motor, ww *.. 
High perform- 
ance—low noise. , 
Available with ~™ 
brake or clutch. ‘ 


manufacturers of small motors for the appliance industry 
627 West 26th Street, New York 1 @ WaAtkins 4-4737 
CHICAGO: Jerry Golten Co. + 2750 W. North Ave. + EVerglede 4-5959 


LOS ANGELES: Electric Meter Engineering, In 


* 6515 Sunset Bivd. * Hollywood 9-7393 


TORONTO: Brevel Products, Ltd. * 45 Crockford Blvd. * Scarbereugh, Ont. * PLymouth 7-5140 


228 
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PRODUCT INDEX 
for this issue 


Components, parts and materials described in this issue’s 
editorial and advertising pages. 


COMPONENTS, 
ELECTRICAL /ELECTRONIC 
Brakes—170e, 


Capaci‘o-s——68, 
188e. 200e 


Choppers-—178e, 
Clutches—84e, 


17G6e 


164e, 


184e 


17G6e, 184e, 202 
Contact devices 
Brushes and brush holders—G0 
Commutators——215 
Slip 215 


Control systems—84e, 


rings 

165e, 194e 

Cooling equipment 
188e, 20Ge 


Counters— 160e 
Digital displays—-230 
Electron tubes 
Glow lamps—1\181 
Photomultiplier 
Power—147 
Receiving—172e 
Fans and blowers—202e, 210¢e 
Lights, indicator—19, 30, 225 
Magnetic components 
Coils and windings—145, 160e, 
168e, 176e, 178e, 225, 227 
Cores—35 
Permanent magnets—211 
Shielding—139, 168e 


Meters, pane!|—160e, 198e, 202e 


Microwave devices—I64e, 1662, 
168e 


Modular circuits—164e, 178e 


Oscillators—164e 


>] 


Potentiometers—29, 158, 187, 22 
Protective devices 
Circuit breakers 48, 190 
Fuses—169, 172e 
Relays 


General purpose—143 165e, 


176e, 224 
Mercury—65, 168, 194, 231 
M niature—143, 165e, 218e 
Reed—168, 215e 


Special—16, 28, 160e, 
182, 188, 210e 


36, 183, 194 
149, 


166e, 


Time delay 


Re istors—1, 4, 
18le, 192, 220 


153, 168, 


Seals and terminals, hermetic— 64, 
190e, 191, 192e 
Semiconductor devices 
Controlled rectifiers—9 
Rectifiers and diodes 
front cover, 22, 38, 
168e, 185, 18Ge, 198e, 
21Ge 


1 bermistors—42 


Inside 
l64e 
206e, 


Transistors—\64e, 
210e, 212, 217 
Varistors 2, 64 


servo 
204e 


componcents—-170, lS4e, 


168e, 171, 


-165e, 174e, 


Solenoids—174, 208 218¢ 


220e 


208e, 


Static 
166e, 


switching elements—160e, 


178e, 198e 
Switches 


Controllers 
53 161, 
196 


Limit 


ae 


194e, 


and contactors 
168e, 184e, 


156, 189 
Pressure—178e, 192e 
Pushbutton—19, 30, 
Rotary—163, 192 


Stepping 45, 234 


170e, 


210 


172e, 


Telephone hands ts- 
Timers—-160e, 163e, 
215e, 216e 
Transducers 
163, 
Back cover, 
168e 
solenoid—206e 
Wire and cable 
Hookup—\8le 


Magnet—5, 17, 25, 43, 
186, 209 


Linear displacement 
Thermostats 
Transformers—47, 
Valves, 


lGie, 165e 


Wiring devices 


Connectors—40, 176e, 187, 199 
Cord sets—37 
Plugs and jacks—\G64e, 192 
Terminals-—166e, 172e, 196e 


Terminal blocks—Inside back 


cover 


COMPONENTS, 
MECHANICAL / STRUCTURAL 
218e 
160e, 


Actuators 
Bearings lGie 
Dials—187 


Couplings—208e 


Fasteners 
Quick-operating—17 2e 
Gears—166e, 231 


Hous'ng; 
19Ge 


Knobs, handles—230 

Mounting hardware—190e 

176e 

Plastics parts—204e, 230 

165e 
160e 


and enclosures— 190e, 


Nameplates 
Rings, retainer 
Seals and gaskets 
Timers—218e 

COMPUTERS AND 
COMPUTING COMPONENTS 
203 


Card-punch devices—172e 


A/D converters— 


Data systems—163e 

Delay lines—163e 

Digital modules-—160e 

Memory devices-—163e, 182e 

Readout indicators——230 
(Continued on page 230) 
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PIONEER in WINDERS for over 40 YEARS! 


(thousands of applications) 


GLOBE Armature Equipment 
processes all types of armatures!! 
‘“FAS-WOUND” or Anchored Loops 

e Insulate the slots e Connect to commutator 


e Install commutator e Hot-stake connections 
e Wind the armature e Wedge the slots 


Individual machines with Automatic Cycles or, Grouped 
into a full Automation System 


FAST—PRECISE—UNIFORM OUTPUT 


ALSO — Winders of all types—for all duties a 
Armature Winding Machine 
e Single or Multiple spindle ¥ 
Bench, Pedestal, or Bed types 
Automatic, Semi-or Manual 
Six Basic sizes — full range 


Turrets and Automations 


Let US help YOU 
Turret Type Winder on Armatures, Stators & Coils Transformer Winder 


The GLOBE TOOL and ENGINEERING Company | *°?° Kitridse Re. 


Dayton 24, Ohio 
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Engineering Applications of INSULATION TESTING 
ngineering * Production * Maintenance 
BOOLEAN eines 
aterials 
A L G E B sd A | \~ Components 
by Boris Beizer and | eo" Cent 


: High Voltage Breakdown 
Stephen Ww. Leibholz HYPOT Test Sets with outputs from 5 kv to an 


150 kv and up. Test wire, cables, transform- ; 


N ° if 4th Pp ti I ers, motors and components to ASTM and Mobile HYPOT for test 
Ow in | Ss rin mg: | Federal specifications. Write for manual ing heavy duty electrical 
Insulation Resistance er 
See page 155 for Order Form VIBROTEST Megohmmeters have direct read- 
ing ranges to FIVE MILLION Megohms. Self- 
contained electronic power supply eliminates 
cranking and leveling. Write for manual 


Insulation Materials Tester 
Interchangeable test fixtures for tape, plastic 
sheet, film, tubing, porcelain, cloth and var- 


nishes. Models provide 35 kv and up for test Model 4501 HYPOT Mate 


Insulating Oils Tester rials Tester, Meets D-149 
Dielectric strength testing of insulating liquids ate. RETR apeetindings 
to ASTM specifications. Rapid, simplified @ 
operation. Automatic rate of rise control 

optional 

Arc Resistance Tester 

Tests ability of insulating materials to resist 

arcing in accord with ASTM and Federal Model 4505 HYPOT Oil 
specifications. Complete with electrode assem- Tester provides 0-35 ky 
bly and specimen holder at 2 kva 


Write for Manual J-67 


oo: 


Popular package is 

8-oz. can fitted with 

Bakelite cap holding 

ES | soft-hair brush for ap- 
ACT: plying right at yang 
metal surface ready for 

are ote layout in a few minutes 
= The dark blue background 
makes the scribed lines 

show up in sharp relief, 

prevents metal glare. In- 

creases efficiency and 

accuracy. 


Seal Blue, Write for sample 
on company letterhead 


THE DYKEM COMPANY 
2303F North 11th St. + St. Louis 6, Mo 


aaa Aa mA RRS 
nS A922 S777 


3794 W. Belmont Avenue e Chicago 18, Illinois 
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an infinite variety of standard plastic parts 
ayailable without tooling cost 


cover knobs 


of Vi 


appliance feet 


FREE 
CATALOG 
e 


HARRY DAVIES MOLDING CO. 


428 N_ Wells Street, Chicage 


samples 
on request 
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MINIATURIZED! 
LIGHTWEIGHT! 


O0SG008 
DATA 
READOUT 


Readouts that do more than display en 


omputers, c 
cons¢ , other ele 
test equipment. Features 
messages per unit, choice 
numbers color 
aa RY 
Write to 


ht si ai sts 


TPORRSE IL Me aeaee Lae Lia tee 


B Vineland Avenurg North Hollywood 
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Components, parts and materials described in this issue’s 
editorial and advertising pages. 


yn r 
y | 


number 


DRIVES 
Electrical—58, 67, 202e, 220e 


Mechanical 
Constant speed—6G7 
Variable speed—\G6G6e, 182e, 
21G6e 


INSTRUMENTS AND TEST 

EQUIPMENT 

Amplifiers—164e, 18G6e, 194e, 
19G6e, 200e 

Bridges—137 

Calculators—204 


Environmental chambers—222e, 


226e 
Generators, electronic—166e, 188e 
Meters—32, 44, 167 
Oscilloscopes— 160e 
Power supplies—135, 160e, 163e, 
18G6e, 207 
Recorders—21, 222e 
Shock and vibration—160e 


Special test equipment—134e, 141, 
144e, 160e, 165e, 166e, 168e, 
174e, 222e, 224e, 226e, 227, 
229 


Tachometers— 168e 


MATERIALS, 
ELECTRICAL / ELECTRONIC 


Conductive materials—159, 160e, 
168e, 197, 200e 


Contact materials—56 


Insulation and dielectrics 


Casting resins—39, 165e, 166Ge, 
19G6e, 200e 


Ceramics and glass—64 
Fabricated parts—(see: Services) 
Fiber—2 

Films—2 

Laminates—34, 51, 55, 190e 
Mica—2 


Molding compounds—39, 52, 
160e, 168e, 19G6e 


Paper—2 

Tape—2, 49, 50, 166e, 168e, 
214 

Tubing—49, 151, 166, 1766, 
193, 210 


Magnetic materials 
Electrical steel—31, 201 


Quartz—160e, 170e 
Silicones—50 
Solder and flux—178e 


Wire and cable—(see: Compo- 


nents, Electrical/Electronic) 


licates advertisement; letter 
indicates editorial mention 


MATERIALS, 
MECHANICAL / STRUCTURAL 
Adhesives—170e 

Fabricated parts—(see: Services) 


Metal forms 
Strip—160e, 182e 
Thermostatic bimetal—218 
Tubing—160e, 219 


Metals 
Alloys, general—163e 
Aluminum—174e 
Copper, brass, bronze—175 
Lithium—163e 
Miscellaneous—174e 


Non-metallic materials 
Elastomers—163e 


Protective coatings 
Chemical—206, 223 


MOTORS AND GENERATORS 


Fractional-hp motors—20, 163¢c, 
184, 194, 225, 227, 228 


Gearmotors—23, 61, 228 
Generators—173, 195, 233 


Integral-hp motors—20, 163e, 


208e, 225 
Special—61, 192e, 227, 228, 233 
Stepping—174e 


Synchronous motors—170, 170e, 
192e, 208e 


PRODUCTION EQUIPMENT, 
TOOLS 


Coil winding—229 
Layout fluid—229 


Soldering equipment—222e 


Wire strippers—222e, 225 


SERVICES, MATERIALS AND 
COMPONENT FABRICATION 


Ceramic fabrication—64, 160e, 
163 


Graphite fabrication—15 


Other fabrication—216 


SERVICES, MISCELLANEOUS 
Data processing—63 


Employment—24, 188 
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FOR STRAIGHT. 
BEVELS 


20 to 
200 D.P. 


Send your prints 
for quotations 


SPURS 

HELICALS 

WORM AND 
WORM GEARS 
STRAIGHT BEVELS 
LEAD SCREWS 
RATCHETS 
CLUSTER GEARS 
RACKS 


2 
3 
© a 


Qo. 


A few of the many varieties of 
straight bevels we are regularly 


INTERNALS 
ODD SHAPES 


producing are shown above. 


Tell us your needs. gomner 


THE Hoe” Br" GEARS oe 


B CAVEZ TR Lae: TEE PA 


1035 PARMELE STREET, ROCKFORD, ILLINOIS 
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Need help 


on 
Casting Resins 
Embedments? 


e Are you having trouble evaluating epoxy resins 
or silicone encapsulants for some critical element 
of your product or system required to operate 
under rigorous and extreme conditions? The help 
you need could be at your fingertips in the 
ELECTRO-TECHNOLOGY design compendium, Cast- 
ing Resins and Application Techniques for Em- 
bedment, Encapsulation, and Impregnation. 


e This 44-page design manual brings together, 
in one handy reference booklet, seven of the most 
informative technical articles on the subject which 
have appeared in the pages of this magazine over 
the past several years. It includes also a valuable 
bibliography on the overall subject of electrical 
insulation and dielectrics. 


Order your copy now, by using 
the handy form on page 155. 


Price $1.00 per copy, postpaid 
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CLARE 


MI etted 
Con Relays 


. flexible to meet 
every reguirement 


Clare mercury-wetted contact relays are avail- 
ablein printed circuit assemblies, modules, con- 
ventional plug-in relays and special assemblies. 
Either of two basic switch capsules...HGS for 
especially fast, sensitive operation or HG for 
higher contact loads...is provided. These relays 
are tested for billions of maintenance-free oper- 
ations. They never get out of adjustment, never 
bounce or chatter. 


The Mercury-Wetted 


The remarkably long life of CLARE mercury-wetted 
relays is the result of a design principle whereby a 
film of mercury on the contacts is constantly renewed, 
by capillary action, from a mercury pook.-Switches are 
sealed in a glass tube in high-pressure hydrogen 
atmosphere. 


For complete data write for Design Manual 201-A 


C. P. CLARE & CO., 3101 Pratt Bivd., Chicago 45, Illinois. 
In Canada: C. P. Clare Canada itd., 
840 Caledonia Road, Toronto 19, Ont. 
Cable address: CLARELAY. 


Cc. P. CLARE & CO. 


Relays and Related 
Control Components 
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Switch up to 
48 contacts 
remotel 


| 


\ 
\ 


Atte 


sn 


\ 


-with a “Blue Line” 
switch-and-drive 
combination 


-eliminates relays, 
contactors, 
and interlocks 


These switch-drive combinations 
are compact, and fully dependable. 
Available in ratings from 20 to 200 
amps, 600 VAC. Up to 140 HP. At 
the lower ratings, as many as 48 
contacts can be controlled by a 
single drive. 

Easily assembled. Solenoid drives 
attach to “Blue Line” switches in 
minutes by simple, twist-to-lock 
bayonet action. No tools . . . no 
loss of delivery time. 


Manual override — switches can be 
operated manually in case of power 
failure. 


Long life—all drives and switches 
exceed 5 million operations. 


Write for complete 
literature on the Blue Line. 


american solenoid 
company, inc. 


U.S. Highway 22, Corner Madison Ave., 
Union, New Jersey 
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Electro-Technology 


Pormerity Electrical Manufacturing 


5 East 42 Street, New York 17, N. Y. Telephone: MU 9-3250 


BUSINESS STAFF 


ROBERT G. DRAKE, Sales Manager 
AI. ROSE, Sales 


Promotion Manager 


MIRIAM REICH, Advertising Service 


CHICAGO, 737 No. Michigan 

John T. Dix, Director of Midwest Ope 
David Jealous, Regional Sales M 
Charles P. Gass 


BEVERLY HILLS, 8665 F ilshir 


John C. Clemens 


NEW ENGLAND, Ridgefield, Conn. 
Kenneth F. Fairleigh 


NEW YORK, 205 East 
James J. Sullivan, Regic 
Robert A. Kuhn 
Edward H. Nelson 


CLEVELAND, 3101 Eu 
L. S. Hamaker, Jr 
Richard M. Morrow 


INDEX TO ADVERTISERS 


For information on any of the products or services advertised in this issue, use the con- 
venient Reader Inquiry Service postcards at end of book—or write directly to advertiser. 


Acme-Newport Steel Co., A Sub. of Acme 
Steel Co. 


Akron Porcelain Co. 
Allen-Bradley Co. 161, 


Alliance Manufacturing Co., Inc., The, 
(Sub of Consolidated E!ectronics In- 
dustries Corp. ) 


Allied Research Products, Inc. 


American Cyanamid Co., Plastics and 
Resins Div 


American Solenoid Co., Inc. 


Amphenol-Borg Electronics Corp., 
Connector Div. 
Distributor Div. 


Anaconda American Brass Co. 
Arnold Engineering Co., The 
Associated Research Inc. 


Automatic Electric, Sub. of General Tele- 
phone & Electronics 


Babcock Relays, A Div. of 
Babcock Electronics Corp. 


Barber-Colman Co. 

Beaver Gear Works Inc. 
Belden Manufacturing Co. 
Bell Telephone Laboratories 
Bourns, Inc., Trimpot Div. 


Brand/Rex Div. of American Enka 
Corp. 


Brevel Products Corp. 


Bristol Motors Div. of Vocaline Co. of 
America, Inc. 183 


Brush Instruments Div. of Clevite Corp. 21 
Burndy Corp., Omaton Div. Inside Back Cover 


Bussmann Mfg. Div., McGraw-Edison Co. 169 


Carborundum Co., The 
Carpenter Steel Co., The 
Century Electric Co. 


W. M. Chace Co. 


“Chatillon & Sons, John 


Chemical Corp., The 


Chicago Dynamic Industries, Inc., 
Precision Product; Div. 


Clare & Co., C. P. 
Clifton Precision Products Co., Inc. 


Continental-Diamond Fibre Corp., A Sub. 
of The Budd Co. 


Controls Co. of America 
Appliance and Automotive Div. 
Control Switch Div. 

Coto-Coil Co., Inc. 

Crouse-Hinds 


Cutler-Hammer, Inc 


Dano Electric Co., The 

Davies Molding Co., Harry 

Delco Radio Div. of General Motors 216, 2 
Dow Corning Corp. 50, 
Durakool 


Durez Plastics Div., Hooker Chemical 
Corp. 


Dykem Co., The 
Dytronics Inc., A Sub. of Taylor Fibre 
Co. 


Eagle Signal Co., A Div. of 
The Gamewell Co. 


Edison Industries, Thomas A., Instrument 


Div. 
Electrical Engineering Exposition 
Electrical Insulation Conference 
Electronic Associates, Jnc. 


Essex Wire Corp., Magnet Wire Div. 


Fairchild Semiconductor, A Div. of Fair- 
child Camera and Instrument Corp. 


Fluke Mfg. Co., Inc., John 
Friden, Inc. 


Furnas Electric Co. 


General Dynamics Telecommunication 210 
General Electric Co., 
Apparatus Sales Div. 53 
Chemical Materials Dept. 164, 165 
Direct Current Motor and Generator 
Dept, 58 
Insulating Materials Dept. 213, 214 
Magnetic Materials Section 42 
Miniature Lamp Dept. 181 
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Gencral Industries Co., The 

Globe Industries, Inc. 

Globe Tool and Engineering Co., The 
Grainger, Inc., W. W. 


Guardian Electric Manufacturing Co. 


Hamlin Inc. 

Hansen Manufacturing Co., Inc 
Hardwick-Hindle, Inc 

Haydon Co., The A. W. 
Heinemann Electric Co. 
Hewlett-Packard Co. 

Inc. 


Howard Industries, 


Hughes Aircraft Co., Aerospace 
Divs. 


IBM Data Processing 
IBM Engineering Laboratory 


ITT, Semiconductor Dept., 
Components Div. 


Indiana Steel Products Div., Indiana 


General Corp. 
Industrial Devices, Inc. 


Industrial Electronic Engineers, Inc. 


Inmanco Incorporated 


International Resistance Co. 


Jennings Radio Mfg. Corp. 
Johns-Manville, Dutch Brand Div. 


Kepco Inc. 


Kirkwood Commutator Corp 


Ledex, Inc. 


Magnetic Devices, Inc. 
Magnetic Metals Co. 


Mallory Controls Co., A Div. of 
P. R. Mallory & Co., Inc. 


Mallory Metailurgical Co., a div. of 
P. R. Mallory & Co., Inc. 

Markel & Sons, L. Frank 

Micro Switch, A Div. of Honeywell 


Minneapolis-Honeywel!l Regulator Co., 
Semiconductor Div. 


Minneapolis-Honeywell, Rubicon Instru- 
ments 


Motorola Semiconductor Products Inc 


a Sub. of Motorola, Inc. 38, 


Mueller Brass Co. 


National Acme Co., The 


National Carbon Co., Div. 


Union Carbide Corp. 


Natvar Corp. 


Ohmite Manufacturing Co. 


Panoramic Electronics, Inc. 
Permacel 


Phelps Dodge Copper Products Corp., 
Inca Manufacturing Div. 


Potter & Brumfield, Inc., Div. of Ameri- 
can Machine & Foundry Co. 
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174, 


Radio Corp, of America, 
Electron Tube Div. 


Semiconductor and Materials Div. 184, 


Rayclad Tubes Incorporated, a Sub 
of Raychem Corp 


Rea Magnet Wire Co., Inc., 
Aluminum Co, of America 


Div. of 


Reber-Friel Co. 
Regent Controls, Inc 
Republic Steel 

Robbins & Myers, Inc 
Rome Cable Div 


of Alcoa 


Royal Electric Corp., An Associate of 


Sangamo Electric Co. 

Sarkes Tarzian, Inc., Semiconductor Div. 
Sensitive Research Instrument Corp. 
Servo-Tek Products Co. 

Sola Div. of Basic Products Corp. 

Spectrol Electronics Corp. 

Sprague Electric Co. 

Square D Co. 


Stackpole Carbon Co., 


Electronic Components Div. 
Stearns Electric Corp. 202 
Stevens Manufacturing Co., Inc. Back Cover 
Struthers-Dunn, Inc. 24 


Superior Tube Co. 19 


Telex/Aemco, A Div. of Telex, Inc. 182 


Transitron Electronic Corp. Inside Front Cover 


U. S. Electrical Motors Inc. 


United States Graphite Co., The, Div. 
of The Wickes Corp. 


United Transformer Corp. 


Wabash Magnetics, Inc. 
Wagner Electric Corp, 
Ward Leonard Electric Co. 
Weldmatic Division/Unitek 


Westinghouse Electric Corp., 
Semiconductor Div. 
Wire Stripper Co. 


Wisconsin Porcelain Co. 


Other CONOVER-MAST Publications 


Boating Industry 
Business/Commercial Aviation 
Construction Equipment 
International Science and Technology 
Mill & Factory 

Purchasing 

Space/Aeronautics 

Volume Feeding Management 
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direct-current 


TACHOMETER 
GENERATOR 


permanent-magnet 


APPLICATIONS 


SERVOS The highly linear output 
and wide speed range are ideal 
for velocity or integrating servos. 
Low driving torque permits its use 
as a damping or rate signal in all 
types of servos. 


INDICATING TACHOMETER Match- 
ing indicating meters available 
from stock in various speed ranges. 


SPEED TRANSDUCER Ideal for use 
as a speed transducer in connec- 
tion with fast-response direct-writ- 
ing oscillographs. 


FEATURES 
SIZE Miniature. Approx. Dia 1%” 


OUTPUT Various models with out- 
puts as high as 45 v/1000 rpm. 


LINEARITY Linearity from 0 to 
12,000 rpm is better than 1/10 of 
1% of voltage output at 3600 rpm. 


BRUSH LIFE Better than 100,000 
hours (10 years) of continuous 
operation at 3600 rpm. 


BIDIRECTIONAL OPERATION Out- 
put in either direction is held to 
a % of 1% tolerance. 


RIPPLE The rms value will not ex- 
ceed 3% of the d-c value at any 
speed in excess of 100 rpm. 


CONSTRUCTION Aluminum hous- 
ings with protective treatment; 
stainless steel shafts; fully shielded 
ball bearings; Mylar insulation. 


SINGLE UNITS FROM $24.50 
quantity discounts 


Our Engineering Test Report describ- 
ing performance characteristics, test 
procedures and test results, is avail- 
able at no charge, upon request. 


SEND FOR COMPLETE DATA 


n Office 1086 Goffle Road 


Hawthorne 


14736 Arminta St Van Nuys 


Le 
Let 
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Stepping devices from A. W. Haydon Co. can do wonderful things to pulses 

.. with pulses...and for pulses. For instance, one precision gated stepping 
switch : acts asa pulse. divider for a random or variable pulse source—or as 
a frequency divider if the pulse source is constant. Another works in con- 
junction with pulses, supplying single or multiple switch closures with an 
accuracy virtually equal to that of the pulse source itself. Still a third will 
count a predetermined number of pulses, rotate a stepper switch, return 
the counter to 000, and cut off the pulse source. @ The remote positioning 
device illustrated is but one of A. W. Haydon Company's fancy steppers. 
Here a precision gated stepper switch has been coupled to a synchro trans- 
former. Similarly, precise angular positioning of rotary components such as 
potentiometers, dials and indicators can be controlled. Based only on the 
number of pulses received (not incremental changes in voltage or phase 
angie), it will hold a set position whether power is on or off, and will home 
the synchro to the zero reference on demand—ready to accept another 
setting. @ All A.W. Haydon Co. stepper motors are all-electric—no ratchets, 
linkage, contacts or other mechanical crutches are used. Their power con- 
sumption is low, accuracy is extremely high. ® Send for technical brochure 
SP9-1 and find out more about pulse driven steppers and their application. 
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423 456 | NEW COMPONENTS 96 cis 636 656 676 696 716 736) NEW LITERATURE 232 as52 

424 457 | 501 520 539 558 577 597 617 637 657 677 697 717 737] 756 775 794 813 833 853 

425 458 | 502 521 540 559 578 598 618 638 658 678 698 718 738 | 757 776 795 814 834 854 

426 459 | 503 522 541 560 579 593 619 639 659 679 699 719 739| 758 777 796 815 835 855 

427 460 | 504 523 542 561 580 €00 620 640 660 680 700 720 740 | 759 778 797 816 836 856 

428 461 | 505 524 543 562 581 601 621 641 661 681 701 721 741 | 760 779 798 817 837 857 

429 462 | 506 525 544 563 582 602 622 642 662 682 702 722 742 | 761 780 799 818 838 858 

430 463 | 507 526 545 564 583 603 623 643 663 683 703 723 743 | 762 781 800 819 839 859 

431 464 | 508 527 546 565 584 604 624 644 664 684 704 724 744 763 782 801 820 840 860 

432 465 | 509 528 547 566 585 605 625 645 665 685 705 725 745 | 764 783 802 821 841 861 

433 466 | 510 529 548 567 586 606 626 646 666 686 706 726 746 | 765 784 803 822 842 862 

434 467 | 511 530 549 568 587 607 627 647 667 687 707 727 747 | 766 785 804 823 843 863 

435 468 | 512 531 550 569 588 608 628 648 668 688 708 728 748 | 767 786 805 824 844 864 

436 469 | 513 532 551 570 589 609 629 649 669 689 709 729 749 | 768 787 806 825 845 &65 

437 470 | 514 533 552 571 590 610 630 650 670 690 710 730 750 | 769 788 807 826 846 866 

438 471 | 515 534 553 572 591 611 631 651 671 691 711 731 751 | 770 789 808 827 847 367 

439 472 | 516 535 554 573 592 612 632 652 672 692 712 732 752 | 771 790 809 828 848 868 

440 473 | 517 536 555 574 593 613 633 653 673 693 713 733 753 | 772 791 810.829 849 869 

441 474 | 518 537 556 575 594 614 634 654 674 694 714 734 754 | 773 792 811 830 850 870 

442 475 | 519 538 557 576 595 615 635 655 675 695 715 735 755 | 774 793 812 831 851 871 

443 476 | REPRINTS 907 910 913 916 919 922 925 928 931 934 $37 940 943 946 949 952 

444 477 | 01 903 905 908 911 914 917 920 923 926 929 932 935 938 941 944 947 950 953 

si a 902 904 906 909. 912 S91E 918 921 924 927 $30 933 $36 939 942 945 $48 951 954 

447 480 

448 481 - 

aso an Individual 

450 483 Title Dept. or Div. 

451 484 a ee week ai 

452 485 Company 

| — ey — 
Good until February 1, 1962 c December @ 1961 

423 456 | NEW COMPONENTS 596 cis 636 656 676 696 716 736) NEW LITERATURE 232 

424 457 | 501 520 539 558 577 597 617 637 657 677 697 717 737] 756 775 794 813 833 

425 458 | 502 521 540 559 578 598 618 638 658 678 698 718 738 | 757 776 795 814 834 

426 459 | 503 522 541 560 579 599 619 639 659 679 699 719 739] 758 777 796 815 835 

427 460 | 504 523 542 561 580 600 620 640 660 680 700 720 740] 759 778 797 816 836 

428 461 | 505 524 543 562 581 601 621 641 661 681 701 721 741 | 760 779 798 817 837 

429 462 | 506 525 544 563 582 602 622 642 662 682 702 722 742 | 761 780 799 818 838 

430 463 | 507 526 545 564 583 603 623 643 663 683 703 723 743 | 762 781 800 819 839 

431 464 | 508 527 546 565 584 604 624 644 664 684 704 724 744 763 782 801 820 840 

432 465 | 509 528 547 566 585 605 625 645 665 685 705 ,725 745 | 764 783 802 821 841 

433 466 | 510 529 548 567 586 606 626 646 666 686 706 726 746 | 765 784 803 822 842 

434 467 | 511 530 549 568 587 607 627 647 667 687 707 727 747 | 766 785 804 823 843 

435 468 | 512 531 550 569 588 608 628 648 668 688 708 728 748 | 767 786 824 

436 469 | 513 532 551 570 589 609 629 649 669 689 709 729 749 | 768 787 825 

437 470 | 514 533 552 571 590 610 630 650 670 690 710 730 750 | 769 788 826 

438 471 | 515 534 553 572 591 611 631 651 671 691 711 731 751 | 770 789 827 

439 472 | 516 535 554 573 592 612 632 652 672 692: 712 732 752 | 771 790 828 

440 473 | 517 536 555 574 593 613 633 653 673 693 713 733 753 | 772 791 829 

441 474 | 518 537 556 575 594 614 634 654 674 694 714 734 754 | 773 792 830 

442 475 | 519 538 557 576 595 615 635 655 675 695 715 735 755 | 774 831 

443 476 


444 4177 
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446 473 
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448 481 
443 482 
450 483 
451 484 
452 485 
453 486 
454 487 
455 488 


REPRINTS 
901 903 905 
902 904 906 
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Title Dept. or Div. 
Company 

Street City Zone State 





Geod until February 1, 1962 


December @ 1961 








ADVERTISED PRODUCTS OR SERVICES 
101 133 165 197 229 261 293 325 
102 134 166 198 230 262 294 326 
103 135 167 199 263 295 
104 136 168 264 296 
105 137 169 265 297 
106 138 170 266 
107 139 171 267 
108 140 172 268 
109 141 173 269 
110 142 174 
111 143 175 
112 144 176 
113 177 
114 178 
115 179 
116 180 
117 181 213 245 277 309 341 374 407 440 473 
118 150 182 214 246 278 310 342 375 408 441 474 
119 151 183 215 247 279 311 343 376 409 442 475 
120 152 184 216 248 280 312 344 377 410 443 476 
121 153 185 217 249 281 313 345 378 411 444 477 
122 154 186 218 250 282 314 346 379 412 445 478 
123 155 187 219 251 283 315 347 380 413 446 479 
124 156 188 220 252 284 316 348 381 414 447 480 
125 157 189 221 253 285 317 349 382 415 448 481 
126 158 190 222 254 286 318 350 383 416 449 482 
127 159 191 223 255 287 319 351 384 417 450 483 
128 160 192 224 256 288 320 352 385 418 451 484 
129 161 193 225 257 289 321 353 386 419 452 485 
130 162 194 226 258 290 322 354 387 420 453 486 
195 
196 
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ADVERTISED PRODUCTS OR SERVICES 
101 133 165 197 229 261 293 325 358 391 424 457 
102 134 166 198 230 262 294 326 359 392 425 458 
103 135 167 199 231 263 295 327 360 393 426 459 
104 136 168 200 232 264 296 328 36% 394 427 460 
105 137 169 201 233 265 297 329 352 395 428 461 
106 138 170 202 234 266 298 330 363 396 429 462 
107 139 171 203 235 267 299 331 364 397 430 463 
108 140 172 204 236 268 300 332 365 398 431 464 
109 141 173 205 237 269 301 333 366 399 432 465 
110 142 174 206 238 270 302 334 367 400 433 466 
111 143 175 207 239 271 303 335 368 401 434 467 
112 144 176 208 240 272 304 336 365 402 435 468 
113 145 177 209 241 273 305 337 376 403 436 469 
114 146 178 210 242 274 306 338 371 404 437 470 
115 147 179 211 243 275 307 339 372 405 438 471 
116 148 180 212 244 276 308 340 373 406 439 472 
117 149 181 213 245 277 309 341 374 407 440 473 
118 150 182 214 246 278 310 342 375 408 441 474 
119 151 215 247 279 
120 152 216 248 280 
121 153 217 249 281 
122 154 218 250 282 
123 219 251 283 
124 220 252 264 
125 221 253 
126 222 254 
127 223 «255 
128 224 
129 225 
130 226 
131 227 
132 228 
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NEW COMPONENTS 


501 520 539 558 577 597 617 637 657 677 697 717 737 
502 


503 
504 523 542 561 580 600 620 640 660 680 700 720 740 



























REPRINTS 


$01 903 905 $11 914 917 920 $23 926 929 832 935 938 941 944 S47 950 
902 904 906 





NEW COMPONENTS 
501 520 539 558 577 597 617 637 657 677 697 717 737 
502 
503 
504 
505 
506 











508 527 546 565 584 604 624 644 664 684 104 724 744 
509 528 547 566 585 605 625 645 665 685 75 725 745 
510 529 548 567 586 606 626 646 666 686 706 726 746 











516 535 554 573 592 612 632 C52 672 692: 712 732 752 






REPRINTS 
901 963 905 908 811 914 917 920 923 926 929 932 995 938 941 944 947 950 953 


902 904 906 
















NEW LITERATURE e32 
756 775 794 813 833 
757 776 795 814 834 
758 777 796 815 835 
759 778 797 816 
760 779 798 817 
761 780 799 818 
762 78: 800 819 
763 782 820 
764 783 821 
765 784 822 
766 823 
767 824 
768 825 
769 826 
770 827 
1 828 
772 829 
173 830 
714 831 
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541 


559 578 598 618 638 658 678 698 718 738 
560 579 599 619 639 659 679 699 719 739 



















































































562 
563 582 602 622 642 662 682 702 722 742 
564 583 
565 584 604 624 644 664 684 704 724 744 
566 585 605 625 645 665 685 705 725 745 
567 586 
568 587 607 627 647 667 687 707 727 747 
569 588 
570 589 
571 590 
572 591 
573 592 612 632 652 672 692.712 732 752 
574 593 
575 594 
576 595 


581 
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Street a 220) e City Zone State 
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NEW LITERATURE a32 
756 775 794 813 833 
757 776 795 814 834 
758 777 796 815 835 
759 778 797 816 836 
760 779 788 817 837 
761 780 799 818 838 
762 781 800 819 839 
763 782 801 820 840 860 
764 783 802 821 841 861 
765 784 803 822 842 862 
785 804 823 843 
786 805 824 844 
825 845 
826 846 
827 847 
828 848 
, 829 849 
830 
831 























































521 
522 
523 
524 
525 
526 


578 
560 579 
561 580 600 620 640 660 680 700 720 740 
562 581 601 621 641 661 681 701 721 741 
563 582 602 622 642 662 682 702 722 742 
564 583 603 623 643 663 683 703 723 743 
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559 




































































































































































































































568 587 607 627 647 667 687 707 727 747 
569 588 608 628 648 668 688 708 728 748 
570 589 609 629 649 669 689 709 729 749 
571 590 610 630 650 670 690 710 730 750 
572 591 611 631 651 671 691 711 731 751 
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533 
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Snap-in spring-loaded 
contacts for quick- 
disconnect or perma: 
nent connection. 
Modules—2 or 4 tier 
—snap together or 
apart for extreme 
flexibility. Contacts 
are solderless crimp- 
type. Up to 30 
modules per foot 

of track. 


MODULOK 


TERMINAL BLOCKS 


with solderless contacts and interchangeable modules 


COAX 
UOTE Rt 


Same flexibility as 
regular MODULOK. 
Completely crimped 
contacts. Snap-in to 
insert. Press spring- 
loaded latch to 
release. Up to 30 
modules (90 coax 
connections) per 
foot of track. 


URNDY 


OMATON DIVISION BURNDY NORWALK, CONNECT.; IN EUROPE: ANTWERP, BELGIUM; TORONTO, CANADA 


Circle 102 on Inquiry Card 
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